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SECONDARY  PERIODICITY  IN  THE  D.  I.  MENDELEEV  TABLE  OF  ELEMENTS 

V.  P.  Shishokin 


In  chemical  texts  it  is  usually  stated  that  the  properties  of  elements,  arranged  vertically  In  the  D.  L 
Mendeleev  Table,  change  successively.  However,  even  in  1887.  A.  L  Bazarov  [1]  showed  that  a  periodic  change 
of  the  value  of  the  atomic  weights  of  elements  occurs  in  groups  of  the  Mendeleev  Table.  In  order  to  obtain  a 
belter  representation.  Bazarov  compared  not  the  atomic  weights,  but  the  ratio  of  »he  atomic  weights  of  tbc  ele* 
ments  arranged  side  by  side.  Thomson  showed  by  the  determination  of  the  heats  of  formation,  conducted  at  the 
end  of  the  nineteenth  century  and  the  beginning  of  the  twentieth,  that  a  greater  affinity  for  oxygen  was  found  for 
Q  and  L  S  and  Te,  P  and  Sb,  than  for  Br,  Se.  and  As.  respectively. 

The  periodic  changes  of  several  properties  in  the  groups  of  the  Mendeleev  Table  were  examined  by  E.  V. 
Biion  in  1915  in  the  publication.  "Appearance  of  Secondary  Periodicity"!?].  The  appearance  of  secondary  period* 
icity  was  observed  in  the  properties  of  oxygen  compounds  (oxides,  acids,  and  salu)  of  elements  of  the  main 
sub^oups  in  groups  IV-VIL  In  group  III,  the  secondary  periodicity  is  manifested  less  acutely,  while,  in  groups 
I  and  II,  it  is  scarcely  apparent.  Secondary  periodicity  is  not  found  in  the  properties  of  hydrogen  compounds. 

Later,  experimenul  investigations  by  Roth  confirmed  the  appearance  of  secondary  periodicity  in  the 
change  of  the  heats  of  formation  of  oxides  in  the  mam  subgroups  of  groups  IV-VIL 

E.  V.  Biron's  paper  passed  unnoticed  by  Russian  and  foreign  investigators.  .  a*.  i  Thus,  A.  M.  Berkenheim 
[4]  in  bis  paper* on  the  relation  of  the  heat  of  formation  of  chemical  compounds  with  the  position  of  the  ele.ments 
in  the  Mendeleev  Table,  did  not  rec*'»gnize  tlie  appearance  of  secondary  periodicity,  which  explains  the  deviation 
of  the  calculated  values  from  the  experimental  results. 

Bazarov's  paper  showed  the  periodic  change  of  atomic  weights  of  elements  even  in  the  periodic  table  itself. 
Ttie  latter  case  is  a  special  form  of  secondary  periodicity  subordinate  to  the  main  periodicity  of  the  Mendeleev 
Table. 

The  present  text  is  aimed  at  giving  supplementary  material  on  the  periodic  relationship  between  propeitles 
and  positions  of  elements  in  the  Mendeleev  Table  and  to  relate  these  to  changes  in  the  values  of  the  ionization  po- 

tentlaL 

Fig.  1  gives  the  difference  of  the  square  roots  of  the  eighth  and  first  ionization  potential  (  /T^“  /Ii)  on  the 
vertical  axis  in  relation  tothe  atomic  number  of  the  element,  whi' h  is  proportional,  to  the  tangent  of  the  angle  of  in¬ 
clination  of  the  lines  expressing  Moseley’s  Law  by  means  of  ionization  potential  values  (the  latter  are  proportional  to 
the  vibration  frequency).  The  ionization  potential  values  are  uken  from  Kel  and  Lebi’s  "Handbook  for  the  Physical 
Invest igatoi " [5X  The  curve  shows  the  presence  of  maxima  for  He,  Ne,  Ni,  Pd  and  Pt,  which  corresponds  to  the  dis¬ 
tribution  of  elements  in  the  Mendeleev  Table  in  the  following  periods:  H  -  He,  Li  -  Ne,  Na  -  Ni,  Cu  -  W,  Ag  -  Pi; 
the  last  period  is  begun  by  gold.  The  first  two  periods  coincide  with  those  of  the  Mendeleev  Table,  the  final  four 
do  not.  Therefore  it  must  be  concluded  that  the  position  of  the  elements  in  the  Mendeleev  Table  is  not  immutable 
(this  view  was  previously  expressed  by  S.  A.  Shchukarev). 
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Fig.  1.  Curve  of  the  relaiiOD  of  the  differ  'nee  between  the  square  roots 
.of  the  eighth  .  and  first  ionization  potentials  to  the  atomic  number 
of  the  elements. 


Fig.  2.  Curve  of  the  change  of  the  ratio  of  the  atomic  weights  in 
relation  to  the  atomic  numher  'er  tl>c  ele"or.:$. 


By  supplementing  Bazarov 's  diagrams  with  modern  data  which  show  the  relation  between  atomic  weights  and 
atomic  number  of  the  element  (in  a  horizontal  direction  on  the  Mendeleev  Table),  points  conesponding  to  the 
relation  of  the  atomic  weights  of  gallium  and  germanium  were  of  special  value:  up  to  this  point,  the  maxima  • 
corresponded  to  the  ratio  of  the  atomic  weights  of  the  odd  element  to  the  even;  after  this  point,  the  maxima  corres¬ 
ponded  to  the  ratio  of  the  even  element  to  the  odd  (Fig.  2). 
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Fig.  3.  Curve  of  the  change  of  ionization 
potential  for  elements  of  the  main  subgroups 
of  group  IV. 


Fig.  4.  Curve  of  the  change  of  size  of  the  crys* 
tals  of  positive  ions  in  relation  to  the  period  num¬ 
ber  for  elemenu  of  the  main  subgroup. 


Fig.  3  gives  the  change  of  the  ionization  potentials  (from  the  first  to  the  eighth)  for  elements  of  the  main 
subgroups  of  group  IV,  where  the  ratio  of  the  ionization  potential  of  the  element  (upper  to  the  lower)  l«  represented 
by  the  vertical  axis,  and  the  above  conesponding  periods  by  the  horizontal.  Periodicity  is  found  in  the  change  of  the 
ionization  potential  only  of  the  first  second,  third,  and  fourth  potentials,  i.e..  it  does  not  exceed  the  group  number, 
wherein  it  becomes  mote  distinct  with  the  increase  in  the  potential  number  (the  periodicity  u  very  weakly  expressed 
ior  the  fifth  potential  and  is  absent  for  the  sixth,  seventh  and  eighth).  The  same  relationship  holds  fo.'  other  groups  of 
the  Mendeleev  Table  (for  the  ine;i  elements  the  periodicity  is  shown  by  all  eight  potentials;  the  ninth  potential  calcu¬ 
lated  by  means  of  extrapolation,  does  not  show  periodicity).  By  placing  hydrogen  in  group  *,  as  well  as  in  group  VII.  a 
periodic  change  of  tlie  first  ionisation  potential  occurs. 

In  all  groups  a  periodic  change  of  thea’omiw  numSer  (ratio  of  atomic  numbers)  of  the  elements  of  the  main 
subgroups  occurs;  it  appears  less  distinct  (in  gradual  form)  for  groups  III  and  IV.  Hydrogen  satufies  periodicity  by  be¬ 
ing  placed  in  group  I,  as  well  as  in  group  VCL 

In  all  groups  except  I.  a  distinct  penodicity  in  the  change  of  atomic  weights  (ratio  of  atomic  weights)  of  ele¬ 
ments  o  the  main  suhgroupis  found.  In  g.-oup  I,  the  periodicity  is  broken  only  upon  placing  hyd.ogen  in  this  group 
(hydrogen  satisfies  jicriodicity  when  placed  in  groep  VII). 

The  atomic  volumes  (ratio  of  atomic  volumes)  of  the  elements  of  the  main  subgroups,  except  for  I  and  n. 
change  periodically  (for  the  zero  group  there  is  an  insufficient  number  of  results).  In  group  I.  periodicity  is  broken 
by  placing  hydrogen  in  this  group,  while  radium  causes  the  deviation  for  group  II:  by  placing  hydrogen  into  group 
VII,  periodicity  is  satisfied. 

Fig.  4  gives  the  change  of  the  size  ol  the  crystalline  positive  ions  of  Pauling  (6)  in  relation  to  the  period  num- 
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bcr  of  the  elements  of  the  main  subgroup.  The  radius  of  the 
ions  in  A  is  represented  by  the  venical  axis,  the  period  num¬ 
ber.  by  the  horizontal  In  all  groups  with  the  exception  of 
VIL  a  stepwise  change  of  the  radius  occurs;  a  smooth  curve 
is  also  found  for  group  II  upon  transition  from  the  second  to 
the  third  period. 

The  heats  of  formation  (ratio  of  the  heats)  of 
chlorides  of  the  second,  fourth,  anJ  fifth  periods  show  a 
periodic  change:  a  smooth  change  occurs  only  in  the  ritird 
period  The  heats  of  formation  of  halides  of  grouos  I,  U.  in 
and  IV  in  the  solid  state  (for  group  I  in  the  gaseous  sute)  also 
change  periodically. 

The  secondary  period icit>-  in  the  change  of  propenies  ^  rcUtioa  of  the  sum  of  the 

of  elements  in  a  venical  direction  on  the  main  subgroup  of  group  potential  to  the  atomic  number  of  the  ele- 

the  Mendeleev  Table  is  related,  evidently,  to  the  relative  de-  ,  r  ^  rw 

^  ments  ol  group  iv, 

crease  in  the  atomic  size  occurring  witfi  the  occupation  of  the 

d  and  especially. _f  positions  by  electrons.  Atomic  size  itself 

determines  various  propjerties  of  elements,  and  in  particular,  their  ionization  potentials.  Tiiui,  in  group  IV,  the  sili¬ 
con  atom  is  larger  than  the  carbon  atom,  and  correspondingly,  has  a  smaller  salue  for  the  ioniaation  potential.  If 
the  structure  of  the  germanium,  tin  and  lead  atoms  was  analogous  to  that  of  silicon  and  carbon,  then  the  total  group 
potential  (i  e.,  1|  ♦  Ij  ♦  Ij  ♦  I4)  would  have  been  on  the  dotted  line  (Fig.  5)  which  is  an  extension  of  the  C  -  Si  line. 
Heweser.  germanium  because  of  the  inclusion  of  the  10  ^electrons,  has  a  structure  different  frr*n  silicon,  which  re¬ 
sults  in  a  considerable  contraction  of  the  germanium  atom,  and  the  latter  causes  an  increase  in  the  ionization  ooten- 
tial  of  germanium"  in  comparison  to  that  of  silicorn  Tin  has  a  structure  analogous  to  that  of  germanium  (in  it  10  elec¬ 
trons  also  occupy  the  d  position)  but  tin  is  larger,  and  has  a  correspondingly  smaller  value  for  the  ionization  potential. 
If  lead,  the  element  following  tin  had  an  analogous  structure,  then  its  ionization  potential  would  have  been  on  the 
dotted  line  consmicied  by  continuing  the  Gc  -  Sn  line.  But  lead  has  a  different  structure  than  tin  (in  it.  In  addition  to 
the  ^  position,  ]4_f  positions  aic  occupied  by  electrons)  which  results  in  a  further  relative  contraction  of  the  lead  atom, 
and  correspondingly,  an  increase  of  the  ionization  potential  in  comparison  to  that  of  tin. 

The  periodic  change  in  the  stability  of  oxygen  compounds  of  the  main  subgroups  of  groups  IV  -  VII  In  a  verti¬ 
cal  direction  on  the  Mendeleev  Table  can  be  explained  by  the  participation  of  a  greater  number  of  electrons  in  the 
formation  of  these  compounds,  eoual  to  or  close  to  the  group  number,  and  coricsponding  to  a  hlg.’e^^  ionization  poten¬ 
tial  number  Upon  reaction  of  the  elements  with  hydrogen,  a  periodic  change  in  the  vertical  direction  does  not  occur: 
this  may  be  due  to  the  fact  that,  du'^ing  the  formation  of  hydrogen  compounds,  the  affinity  of  the  elements  for  an 
electron  (zero  ionization  potent^l).  or  a  small  number  potential  must  be  in  effect,  whereby  the  latter  changes 
smoothly,  or  in  either  case,  with  less  expression  of  periodicity 

SUMMARY 

1  "Fhe  relation  between  the  tangents  of  the  angle  of  inclination  of  lines  expressing  Moseley's  Law,  arxl  the  at¬ 
omic  number  of  elements  is  defined  by  a  periodic  curve  with  the  following  periods:  H  -  He,  Li  -  Ne,  Na  -  Nl, 

Cu  -  W,  Ag  -  Pt;  the  sixth  period  is  begun  by  Au. 

2  The  ionization  potentials  of  the  elements  of  the  main  subgroups  change  periodically  in  the  vertical  direc¬ 
tion  on  the  Mendeleev  Table  in  relation  to  the  atomic  number,  wherein  the  periodicity  is  mote  expressed  for  poten¬ 
tials  of  highei  order  closest  to  the  group  number;  the  ionization  potentials,  the  order  of  which  exceeds  the  group  num¬ 
ber.  change  smoothly. 

3  The  periodic  change,  in  the  vertical  direction,  of  the  atomic  number,  atomic  weight,  atomic  volume,  and 
the  radii  of  the  crystalline  positive  ions  for  the  main  subgroups  was  shoivn. 
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4.  The  periodic  change  of  ti^e  heiti  of  fomaatloa  of  chemical  compounds  Is  related  to  Ae  conespaodlng 
periodic  change  of  the  Ionization  potentials. 
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THE  MUTUAL  SYSTEM  OF  LITHIUM  AND  COBALT  SULFATES  AND  CHLORIDES 

D.  S.  Lesnykh  and  A.  G.  Berginan 

The  effect  of  cations  of  tiie  eighth  group  on  the  character  of  ternary  mutual  systems  is  20i  given  in  the  litera¬ 
ture  because  of  the  absence  of  actual  examples  of  ternary  mutual  systems  with  the  above  cations  participatLng. 

The  ternary  mutual  sj-stera  studied.  LijClj  ♦  C0SD4  CoCl  j  -f  LiySO^^  containing  cations  of  elenrerts  of 
the  marginal  groups  of  the  periodic  table  Is  oi  great  interest  tor  a  more  complete  study  of  the  effect  of  the  posC-ron 
of  elements  in  the  periodic  sj'stemon  the  character  of  ternary  mutual  systems*. 

The  experimental  section  was  conducted  by  the  visual  polythermic  method  with  the  aid  of  Yu.  S.  Butkova. 

Binary  systems.  The  binary  rystems  CoSt\-"LijS04  and  LijC  Ij  "*111504  were  investigated  by  other  authors  and 
repeated  by  the  authors  of  this  communication.  According  to  the  dau  of  Kalkanyi  and  Marotta  [IX  the  system 
CoS04“  Li|S04  had  a  eutectic  conuining  29'^  •  of  cobalt  and  melts  at  59o*.  According  to  the  author’s  data,  the 
eutectic  contains  27.55»  of  cobalt  sulfate  and  melu  at  590*  (Table  1.  Fig.  1). 

The  system  LiiCli  "LiiSQ^  was  studied  by  M.  Ya.  Klochko  [21  According  to  his  data,  lithium  chloride  and 
sulfate  form  a  eutectic  containing  53.1;^  of  lithium  sulfate,  melting  at  478*.  The  polymorphic  ttansformation  of 
lithium  sulfate  corresponds  to  572*.  Accordi.ng  to  the  authors’  data,  the  eutectic  conuins  53^  of  lithium  sulfate 
and  melts  at  478*.  The  polymorphic  transformation  temperature  of  lithium  sulfate  is  572*.  A  homeomorphic  trans¬ 
formation  is  found  at  5C4*on  the  fusion  curve  of  lithium  chloride  (Table  2,  Fig.  1(1 


•  All  the  percents  are  equimolecular. 
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TABLE  1 

TABLE  2 

Exnt’  Ecuimoleculari 

Temp,  of 

Expt. 

Equimolecular 

Temp,  of 

Expt. 

Equimolecular 

Temp,  ot 

be. 

cent 

formation 

No. 

per  cent 

formation 

No. 

per  cent 

formation 

tr... 

C0SO4 

U^SQ* 

of  first 

up, 

U,S04 

of  first 

up, 

I4SO4 

of  first 

crystals 

crystals 

crysuls 

1 

60 

40 

787 

1 

ICO 

0 

605 

12 

40 

60 

508 

2 

■ 

65 

45 

752 

2 

90 

10 

582 

13 

35 

65 

525 

3 

50 

50 

721 

2 

80 

20 

562 

14 

30 

70 

540 

4 

45 

55 

692 

4 

70 

30 

544 

15 

27 

73 

550 

5 

40 

60 

664 

5 

65 

35 

532 

16 

26 

74 

552 

6 

35 

65 

628 

6 

64 

36 

528 

17 

26 

75 

556 

7 

30 

70 

601 

60 

40 

518 

18 

20 

80 

567 

8 

27.5 

72.5 

590 

8 

55 

45 

503 

19 

15 

85 

600 

9 

25 

75 

617 

9 

50 

50 

491 

20 

7 

93 

700 

10 

20 

80 

647 

10 

47 

53 

478 

21 

5 

95 

740 

11 

15 

85 

740  . 

11 

45 

55 

489 

22 

0 

100 

852 

12 

10 

90 

784 

13 

5 

95 

818 

TAB 

LE  3. 

14 

0 

ICO 

852 

Expt. 

Equimolecular 

Temp,  of 

Expt. 

Equimolecular 

Temp,  of 

No. 

per  cent 

formation 

No. 

per  cent 

formation 

CoQ, 

CoSO,* 

of  first 

CoCl, 

C0SO4 

of  first 

crystals 

crystals 

me  sysTem  s^QS.14  wzs 

100 

0 

732 

8 

72 

28 

663 

first  studied  by  the  authors.  Lithium  and 

2 

95 

5 

713 

9 

70 

30 

658 

cobalt  chlorides  form  a  continuous  series 

3 

90 

10 

700 

10 

68 

32 

673 

of  solid  solutions  with  a  minimum  at 

4 

85 

15 

690 

11 

65 

35 

700 

517'  and  50^  cobalt  chloride.  A  bomeo- 

6 

80 

20 

680 

12 

60 

40 

760 

mo’'plilc  ransformation  of  lithium  chloride 

6 

78 

22 

676 

13 

55 

45 

800 

is  noted  on  the  diagram  at  56^  (Table 

4.  Fltt.  11 

7 

15 

25 

672 

DUgonal  Sectlont.  The  suble  section  CoCl|  *“  Li^SO^  Is  a  binary  system  with  a  eutectic  which  corresponds 
to  the  composition  6o^  lithium  sulfate  and  35‘5'Of  cobalt  chloride  at  648*.  At  575*  a  polymorphic  transTonnation 
occurs  for  lithium  sulfate,  at  6S0*.  cobalt  chloride  (Table  5.  Flg.2). 

The  fusion  cu-ve  of  the  unstable  section  L%Cl|"“CoSOi4  consists  of  four  branches:  a,fi-llthiuTi  chloride.  6- 
cobalt  chloride,  and  cobalt  sulfate.  The  mtersecticn  of  the  branches  occurs  at  6C4*  and  14^.  479*  and  31^.  and 
179*  and  SI*!*),  and  599*  and  G5^c  of  cobalt  sulfate,  respectively.  The  fusion  curve  has  a  maximum  at  600*  and  63^ 
cobalt  sulfate  (Table  6.  Fig.  2). 

In  order  to  investigate  the  surface  cf  the  initially  formed  crystals  of  the  mutual  system.  15  Internal  sections 
were  studied,  the  directions  of  which  arc  shown  in  Fig.  3.  A  short  characterization  of  each  section  is  given  in 
the  combined  table  and  on  Figs.  4  and  5. 

The  results  of  the  experimental  data  are  summarized  In  the  form  of  a  projection  on  the  square  of  the 
mutual  system  (Fig.  6). 

The  transition  points  on  the  curves  of  &e  Internal  sections  enabled  the  crystallization  poles  to  be  mapped. 
As  Is  apparent  from  Fig.  6,  the  mutual  s\-stem  consists  of  seven  cryiialllzatlon  poles:  cobalt  sulfate,  occupying  30^; 
a.d'iithium  sulfate,  17.1^  a.3*4ithium  chloride,  18.1^:  a,£-cobalt  chloride.  34.8^  of  the  total  area  of  the 
square. 

The  stable  diagonal  section  cobalt  chloride  ”llihlum  sulfate  separates  the  square  of  the  mutual  system  Into 
two  tenury  systems:  CoCl,  — LI|S04-lijQ^  ^jjjj  ^  ternary  eutectic  Ej  of  the  composition;  44lllUhluro  chloride. 
3G^  lithium  sulfate,  2o^  of  cobalt  chloride,  melting  at  452*.  and  CoCl,-  U^SO^-CoSO^  with  a  ternary  eutectic 
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CoinbinAtlon  Table 


jXlp.  of 
soitiog  I 
iplxtarc! 


).Uxlnia 


■tallizatior.  cun  esand  their  inteisectlori* 


Branch 


Teirp.  of  formation  of 
first  crygab _ _ 


Equimolecula; 


meat  V>. 


irent  No. 


3L  is:  jc  ^ 


Fig  4  trexnal  sections  I  “Vn 


Fig  6.  ^ojec»*o'-  of  the  liotherrri  on  the  coirposi 
tion  square. 


TABLE  5 


TABLE  6 


Expcil- 
ment  No. 

1  Ecuimolecularifc 

Temp.  <rf  formation 

Experi¬ 
ment  No. 

rEc'jL-Tiolecu’.tr  7b 

Temp,  of  formation 
of  first  ^ysuls. 

CoCl, 

of  first  Cfystals 

1 

Lua, 

CcSO^ 

1 

100 

0 

732 

1 

100 

0 

608 

2 

97 

3 

716 

2 

95 

5 

^93 

3 

95 

5 

703 

3 

90 

10 

577 

4 

92 

8 

692 

4 

85 

15 

562 

S 

90 

10 

680 

5 

80 

20 

533 

6 

85 

15 

658 

6 

75 

25 

508 

7 

80 
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Ey  of  tbe  composition:  307k  lithium  sulfate,  547b 

26 

0 
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852 

cobalt  chloride,  aisd  167b  cobalt  sulfate,  melting  at 

507*.  The  continuous  solid  solutions  with  a  minimum 
at  517*  which  are  formed  in  the  system  of  cobalt  and 


lithium  chlorides,  are  destroyed  by  the  addition  of  a  small  amount  of  the  third  component. 

In  order  to  make  the  melting  poinu  and  the  positions  of  the  invariant  points,  at  well  as  the  common  crys* 
tallization  curvet  of  the  components  more  accurate,  projections  of  the  above  points  and  curvet  of  d>e  square  on 
the  sides  CoQ, —LijClj  and  Ll«a|~L%SC;A  were  made. 

SUMMARY 

1.  Tbe  system  of  llLhium  and  cobalt  chlorides  and  sulfates  was  first  studied  by  the  visual-polythermlc 
method  of  physico>chemlcal  analysis,  artd  was  assigned  to  the  irreversible-mutual  ssatcms  by  its  thermocbemi- 
cal  effect,  as  well  as  by  its  character.  But  the  deviation  of  the  ridge  in  the  pole  cobalt  chloride  and  lithium  tul-^ 
fate  from  the  plane  of  the  suble  diagonal  section  is  an  Indication  of  some  reversibility  of  tbe  exchange  reaction. 

2.  The  reaction  is  directed  toward  the  suble  pairs:  cobalt  chloride-lithium  sulfate,  which  agrees  with  the 
thermochemical  effect  of  the  exchange  reaction,  equal  to  6.82  kcal  per  equivalenL 

3.  The  suble  diagonal  section  of  cobalt  chloride  and  lithium  sulfate  separates  the  ternary  mutual  system 
Into  two  ternary  systems:  CoQf  "“UjSQ*— LijCl*  with  the  terrury  eutectic  at  452*  and  CoClg  “•Li^SQ^-CoSO^  also 
with  a  ternary  eutectic  point,  at  SOT*. 

4.  The  solid  solution  with  a  minimum  at  51  r  and  50^  lithium  chloride,  which  U  formed  in  the  Uteral  bi¬ 
nary  system  of  cobalt  and  lithium  chloride,  is  destroyed  within  the  mutual  system  by  the  addition  of  small  amounts 
of  the  other  components. 
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STRUCTURE  OF  COBALTIC  AND  NICKEL  HYDROXIDE  PRECIPITATES 

S.  I.  Sobol 

Cobaltic  hydroxide,  Co(OH),  is  usually  prepared  by  the  oxidation  of  a  cobakous  chloride  or  sulfate  solo* 
tion  in  neutral  or  weakly  acidic  medium  with  strong  oxidizing  agents  (hypochlorite,  persulfate,  electric  current,  etc.). 
The  precipitate  conuins  varying  amounts  of  zeolytic  water  in  relation  to  the  conditions  of  preparation,  which  arc  re¬ 
moved  by  heating  over  100*. 

Different  authors  assign  various  structures  to  the  precipitate.  In  earlier  invest:gatio»is  pl  Co(OH)j  was 
assigned  a  crystalline  structure,  however,  LeBlank  and  Muller  [2]  could  not  detect  a  crysul  lattice  in  the  hydroxide 
CojPi,  precipitated  from  solution  by  means  of  X-rays,  while  CO|0|  obtained  by  a  dry  method  (fusion)  shows  it 
readily.  For  this  reason  (2].  they  considered  that  cobaltic  hydroxide  Itas  a  disordered  spatial  lattice  and  cannot  be 
considered  a  crysulline  substance.  In  order  finally  to  solve  this  ptoblem  of  the  structure  of  cobaltic  hydroxide  pre« 
cipitate.  it  was  necessary  to  investigate  It  by  many  methods.  The  structure  of  the  precipiute  of  Co(OH),  *  xI^O 
formed  by  hypochlorite  from  chloride  and  sulfate  solutions  having  a  pH  1.5  -2.0  and  at  20  to  80*  were  investigated. 

The  investigations  were  conducted  in  transmitted  and  polarized  light  at  small  magnifications,  as  well  as 
with  the  aid  of  an  electron  microscope;  electronograms  were  taken  for  a  preparation  deposited  on  a  collodion 
film  at  magnifications  up  to  9000  times. 

For  visual  investigaUons  and  photography  In  visual  and  polarized  light,  drops  of  freshly  pcecipkated  pulp 
were  placed  on  a  glass  slide  and  covered  with  a  cover  glass. 

All  operations  with  such  preparations  were  conducted  within  a  short  time,  maximum  1-2  hours,  and  thus 
were  protected  from  all  sorts  of  distortions  possibly  arising  during  drying  of  the  precipitate,  as  for  example  crys¬ 
tallization  of  salts  from  the  mother  liquor. 

Investigation  of  cobaltic  hydroxide  preclpiutes  in  non-polarized  light  showed  the  following: 

1.  In  mass,  tlie  particles  of  the  residue  obtained  at  the  same  rate  of  addition  of  hypochlorite  from  solfate 
solutions,  as  well  as  from  hot  solutions,  are  consideiably  coarser  than  those  obtained  from  chlorides,  as  well  as  from 
cold  solutions  (FIgj.l  -  3).* 

2.  Rarticles  of  the  residue  always  have  an  eneven  form,  the  borders  of  the  particles  aie  sometimes  folded. 

3.  Fine  and  medium  particles  are  translucent  and  are  colored  yellow;  the  coarse  are  opaque  and  are  colored 
only  at  the  borders;  in  Urge  mass  (on  the  filter,  or  in  the  pulp)  cobaltic  hydioxide  precipitates  have  a  dark  brown 

or  sometimes  a  black  color. 

4.  An  examination  of  the  precipitate  removed  from  the  pulp  at  the  time  of  the  precipitations  of  the  cobalt 
with  sodium  hypochloriie  at  80*  from  an  acidified  starting  solution  (pri^l.Qshowed  that  the  color  of  the  particles 
changes  sharply  when  the  pH  of  the  medium  became  2.3  -2.5;  even  fine,  tianslucent, yellow  particles  gradually  lost 
translucency  and  became  dark  brown,  almost  black;  upon  chemical  analysis,  this  residue  showed  that  the  cobalt  in 
it  was  oxidized  to  more  than  trivalency. 

5.  Decrease  of  the  rate  of  addition  of  hypochlorite  to  the  solution,  all  other  conditions  beL'vg  equal,  led  to 
the  preparatirm  of  a  coarser,  on  the  average,  precipitate.  However,  no  amount  of  slowing  down  of  the  precipitation 
of  cobakic  hydroxide  could  lead  to  ithe  preparation  of  particles  with  a  noitreable  c*Trstal  lattice. 

Upon  examination  of  particles  of  the  precipitate  in  tr%f»smltted  poli'lzed  light,  and  upon  rotsLior  of  the 
objective,  the  particles  disappeared  from  the  fieid  of  vision,  a  phcnomcno."  chti.*cte»’istic  for  non-c»’ys»alline  sub- 
sauces. 

The  elect  ronograms  of  the  finer  particles  of  cobaltic  hydroxide  are  shewn  in  Figs.4  ••  9,*  which  we’'e  ptecipl- 
uted  from  a  chloride  »luuon  at  80*  and  pH  1.5,  and  they  very  graphically  show  *e  absence  of  riysullir^e  structme 

See  plate,  page  1115. 


in  the  pa.'tlcles  of  the  pcecipiute. 


It  is  appiieni  from  the  photographs  that  the  finest  particles  of  the  hydroxide,  which  have  a  cross  section  of 
tenths  of  a  micron,  were  fused  together  to  form  aggregates  ol  various  coarseness.  Therefore,  coa^  particles  of 
Co(OH)jare  formed  by  the  coagulation  of  particles  of  colloidal  size,  Le..  particles  of  the  cobaliic  hydroxide  visible 
to  the  eye  or  at  slight  magnifications  with  the  visual  microscope  are  gels,  not  crystab. 

coarse  particles  are  formed  by  the  combination  of  a  large  number  of  very  small  ones  having  an  ir¬ 
regular  form,  the  coarse  particles  must  be  viewed  as  r»oi  being  monolithic,  but  as  friable  aggregates.  Electronic 
ray's  give  only  the  shape  of  such  aggregates  (shown  in  Figs. 7  and 8^  because  these  figures  do  not  show  any  mono¬ 
lithic  structure  in  coarse  particles. 

Doriitg  the  process  of  combination  of  the  particles,  micro-volumes  filled  with  mother  liquor  remain  isolated 
from  the  surface  within  the  coarse  aggregates  beiitg  formed:  special  experiments  showed  that  substances  p*‘esent  in 
the  mother  liquor,  which  are  not  coprecipitable  with  cobaltic  hydroxide,  are  not  removed  from  the  particles  of  the 
precipitate  even  widi  thorough  and  continued  repulping.  However,  these  impurities  ate  to  a  great  extent  (80-84'5>) 

\  lemoved  from  an  initially  lepulped  wet  precipitate  of  cobaltic  hydroxide  by  pressing  the  latter  under  a  pressure  of 

)  80-1C0  kg'em*.  These  experiments  served  as  important  proof  of  the  porosity  of  coarse  cobaltic  hydroxide  particles 

and  tuppleroeiued  the  information  on  the  structure  of  the  lanei  obtained  by  other  methods  of  investigation. 

Higher  nickel  bydroxide&obtained  by  various  methods  ate  not  in  a  chemical  sense,  homogenous  substances: 
most  probably  they  are  solid  solctioru  of  Ni(OH)4  and  Nl(OH)j  of  varying  composition  P).  _ 

The  sti’icture  of  these  precipitates  was  more  than  once  the  subject  of  an  investigation.  X-ray  investigatloiu 
[2]  of  the  higher  nickel  hydroxides  showed  that  they  were  so  greatly  dispersed  that,  after  a  d-day  drying  at  100*. 
no  trace  of  any  crystal  lattice  could  be  seen  on  the  X-raygrams. 

The  higher  nickel  hydroxides  were  investigated  only  with  ordinary  transmitted  light  at  magnifications  up  to 
160  times.  The  nickel  precipitates  were  translucent,  dark  brown.  Qocculant  particles  of  irregular  form,  disappear¬ 
ing  from  the  field  of  view  upon  examination  with  polarized  light  and  rotation  of  the  objective.  With  increase  in 
te.mperature.  tlic  coarseness  of  the  particles  increased  (Figs.lOand  11*):  increase  of  the  pH  of  the  medium  bad  the 
same  effect.  Fig  12*  shows  the  Imtial  stage  of  formation  of  coarse  aggregates  by  the  combination  of  fine  particles 
occurring  during  the  precipitation  with  neutral  sodium  bvpochlorite  from  a  nickel  sulfate  having  a  pH  3.96  and  at 
80*. 

Visual  observation  with  a  binocular  microscope  of  samples  of  the  pulp  removed  during  the  process  of  pceci- 
piution  over  short  intervals  of  time,  showed  that  the  fine  particles,  formed  initially,  combined  rapidly  after  the 
addition  of  sodiu.m  hypochlorite  portion  ended,  and  after  3-5  mlroites.  large  friable  aggregates  were  formed  la  the 
pulp  (Fig.  13*)By  changing  the  focus  of  the  microscope,  the  many  infernal  spaces  in  such  primary  aggregates  could 
be  seen.  However,  be'^ause  of  the  great  size  of  these  aggregates,  when  one  of  these  u  four>d  in  focus,  the  other 
leaves  it.  and  sometimes  u  appears  to  be  monolithic. 

After  many  minutes,  sometimes  hours,  the  primary  friible  aggregates  have  time  to  condense  considerably: 
this  p^cess  which  is  observed  to  proceed  with  time,  is  aided  by  a  slight  stiaing  of  the  pulp  at  higi>er  temperatures. 

It  is  intereaing  that,  in  contrast  to  particles  of  nickel  hydroxides,  those  of  cobaltic  hydroxide  precipitated  at  low 
te.mperatures.  do  not  grow  as  coarse  upon  further  heating  and  mixing  of  the  pulp.  Fig.  l>sl»ws  such  condensed  ag- 
gregatea 

It  is  interesting  to  point  out  that,  in  contrast  to  nickel  precipitates,  it  was  possible  to  observe  and  find  sepa¬ 
rate  suges  in  the  growth  of  coarseness  of  cobaltic  hyd.mxlde  particles  only  with  the  use  of  much  higher  magiULca- 
tlons:  the  p&rticies  of  nickel  hydroxide  are  themselves  considerably  coarser. 

Therefore,  it  can  be  considered  confirmed  that  particles  of  cohiltlc  hydroxide  and  higher  nickel  hydroxides 
do  not  have  a  noticeable  aysulline  lattice  and  must  be  viewed  as  gels. 

Upon  the  precipitation  of  ferric  hydroxide,  a  close  analog  of  cobalt  and  nickel  in  the  periodic  system,  in 
relation  to  the  temperature  conditions  and  rate  of  precipitation,  residues  in  amorphous  gel  like  sute.  as  well  as  in 

ospressed  crystalline  form,  can  be  obtained.  In  the  case  of  the  precipitation  of  crivalent  cohalt  tetra- 
valent  nickel  hydroxides,  no  sort  of  deceleration  of  precipitatloa  results  in  the  formation  of  an  obviously  crystal¬ 
line  precipitate.  The  reason  for  this  must  be  sought  in  the  various  properties  of  Fe^,  Co*^.  and  Ni^  .  Fe^^ 
very  suble  in  aqueous  solution  and  in  die  presence  of  certain  other  ions,  as  for  example  the  chloride  Ion.  ThU  is 

See  Plate,  page  lllfi. 
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the  result  of  the  small  relative  value  of  the  ic<lo»  prl^nilal  of  the  pair  Feni.pen  jq  77  yj^  Co  HI  and,  especially 
KflV,  in  such  solutiojis,  acd  especially  at  higher  leiripfc^* luxes,  are  very  unstable,  sixtce  accordix^  to  the  value  of 
the  redox  pmentUl  (Coni  -  co»  1.82V.  while  fox  KHOir)4-Ni°  2.0  Vp).).  they  can  not  only  oxidize  Q*  Ion 
atomic  chlorine,  bat  the  hydroxyl  Ion  (wldi  the  cvoluilon  of  oxygen),  as  a  result  of  which  the  concentration  of 
Co^n  aod  Ni^^..  within  a  short  time  (seconds  and  fiacUon  of  seconds),  falls  to  an  liulgnlflcant  value  approaching 
the  equilibrium  defined  by  the  solubility  product  of  Ui«  contspo.nding  solid  i^iase. 

On  the  strength  of  this  phent^nenon.  coodliiOAi  for  the  hydrolysis  of  salts  of  Co^^  and  are  radically 
dliferent  from  those  for  the  hydrolysis  of  Fe^^salts,  namely,  the  necessary  time  and  material  Is  lacking  for  the  forma* 
tionof  a  crystal  lattice  of  cobaltlc  hydroxide  aisd  the  higher  nickel  hydroxide^ and  the  primary  particles  of  these  by* 
dioxides  formed  In  very  dilute  (for  Coin  uvd  M}UtUons  naturally  cannot  have  coarse  sizes.  The  formation  of 
primary  panicles  of  the  preciplute  of  Co(OH),  and  Ni(OH)4  can  only  occur  at  the  time  of  the  Introduction  of  some 
strong  oxidizing  agent;  after  It  is  ns  longer  a^oliable  tn  the  solution,  almost  at  once  the  formation  of  primary  par¬ 
ticles  of  the  precipitate  stops.  The  gel  like  pardclel  of  Uie  preciplure.  possessing  an  enormous  surface  energy, 
tend  to  decrease  the  store  of  the  latter  by  combining  (coagulation)  Into  coarse  particles. 

SUMMARY 

1.  Cobaltlc  and  higher  nickel  hydroxide  prectpiutes  were  subjected  to  microscopic  Investigation  in  trans¬ 
mitted  and  polarized  lighti  In  addition,  the  cobaitic  hydroxide  precipitates  were  investigated  by  means  of  the  elec¬ 
tron  microscope. 

2.  It  was  found  that  coarse  cobaltlc  and  nlckrl  hydroxide  particles  do  not  have  a  crysulUne  structure  and 
ate  formed  by  coagulation  of  particles  of  colloidal  slxci  therefore,  these  hydroxides  are  gels. 

3.  A  suggestion  was  made  as  to  the  reasons  why  cobaltlc  and  higher  nickel  hydroxides  did  not  form  a  crys¬ 
tal  lattice  during  the  ptocea  of  preclplutlon. 
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PHYSICO-CHEMICAL  CONDITIONS  OF  PRECIPITATION,  HEAT  OF  FORMATION 
AND  SOLUBILITY  PRODUCT  OF  COBALT  HYDROXIDE 

S.  I.  Sobol 


CobAltic  hydroxide  ir  luuxlly  pcepxred  by  the  oxidxtioa  of  cobxltous  salts  in  heated  neutral  or  weakly 
acidic  solution  by  some  strong  oxidizing  agent,  sodium,  potassium,  and  calcium  hypochlorite,  gaseous  chlorine, 
ozone,  persulfate,  or  an  electrical  cunent  [1,  2,  3.  4].  However,  literature  reports  on  the  physico  chemical  condi 
tions  and  chemism  of  the  precipiiatlon  of  cobalt  hydroxide  are  very  {catce  and  contradictory,  while  the  heat  of 
famation  and  solubility  product  have  only  one  result  which  must  be  viewed  as  an  approximate  one. 

Certain  authon  [1.2, 3. 4, 5.6]  dciCTii>c  the  oxidatioo*pcecipiuUon  of  cobalt  by  hypochlorite  In  this  form: 


2C0SO4  ♦  NaClO  ♦  5H,0  =  2Co(OH),  ♦  NaQ  ♦  2H,S04;  (1) 

2C0SO4  ♦  NaaO  ♦  4NaOH  ♦  H,0  =  2Co(OH),  ♦  2Na,S04  ♦  NaQ;  (2) 

2CCSO4  +  3N3C10  ♦  NaQ  ♦3Hp  =  2Co(OH),  ♦  2NajS04  ♦  2C1|;  ^3) 

2C6SO4  ♦  3NaaO  ♦  1^0  *  COjO^  ♦  O  ♦  NaHSQj  ♦  NaO  ♦  Q*.  (4) 


combining  in  one  equation,  apart  from  the  baste  reaction.a  seriesof  parallel  side  reactions  which  proceed  with  the  evo¬ 
lution  of  chlorine  and  oxygexL 

These  authors  do  not  formulate  a  viewpoint  on  the  question  of  the  mechanism  of  the  process  of 
oxldation-precipliatlon  of  cobalt.  Other  authors  n>8]  st^rt  from  the  assumption  that  the  chemical  oxidant  was  not 
strong  enough  to  guarantee  dre  oxidation  of  the  Co**  to  the  Co***  in  the  solution  as  dte  first  suge  of  the  reaction 
(1)  -  (4),  because  the  redox  potential  of  the  process  Co**  Co***  Is  very  great  For  this  reason  the  secoitd  group  of 
authors  believe  that  the  first  stage  must  necessarily  be  the  prcclpiution  of  the  hydrated  cobalt  oxide,  and  the  second, 
the  oxldaticn  of  Co(OH)4  by  the  hypochlorite,  chlorine,  or  some  other  chemical  oxidizer  to  Co(OH)^ 

Drexel.  for  example,  gives  the  following  order  for  the  reaction  for  the  ease  of  the  application  of  a  neutral 
solution  of  hypochlorite: 

2NaaO  ♦2H,0-^2Na0H  ♦2HaO;  (5) 

C0**4  20H*— Co(OH),  solid;  (6) 

2Co(OH)j  solid  ♦  HCIO  ♦  H,0  *^2Co(OH),  solid  ♦  Ha;  (7) 

the  excess  hypochlorite.consistii^  of  bCf%  for  the  above;  is  catalytically  decomposed  by  the  cohalt  hydroxide. 

NaaO— ^  Naa  ♦i’CV 

Bray  [B]  cites  (7)  for  the  case  of  the  application  of  hypochlorite  and  reaction  (9)  fat  :  gaseous  chlorine. 

2Co(OH),  soUd  ♦  2NaOH  4  Qj  gas  =  NaO  ♦  Co,(^  *  31^0. 

Only  *e  application  of  a  very  active  oxidizing  agent  as  an  electrical  current,  is  able,  according  to 
DrexeL  to  cause  the  oxidation  of  cobalt  on  the  anode  (as  the  fust  suge  of  the  process),  tf  the  electrolysis  is  con¬ 
ducted  in  dilate  sulfuric  acid 

2C0SO4  ♦  i%SQ4  ♦  2e-»  COjCSpi),  ♦  2H*s  (IQ) 

the  hydroxide  appears  in  the  second  suge  of  the  process  as  a  result  of  the  hydrolysis  of  the  cobalt  oxysulfate 

Co^SQi),  ♦  3H,0  CoiO,  ♦  3HgS04.  (H) 

Drexel  recommends  that  the  pwripiutionofcobaldc  hydroxide  be  done  at  pH  2.5-2.8  with  hypocblaltei 


Chafaxov  And  co-wockers  p]  fcund  that  at  room  teruperamre.  cobaltic  hydroxide  i»  formed  in  solutions  of  chlorides 
by  action  cf  bypocblorous  acid  at  pH  3. 0*3.2,  in  solutions  of  sulfates,  at  pH  4. 4*^,0. 


The  autbccs*  results  Indicate  that  hypochlorous  acid  and  gaseous  chlorine  cause  the  precipitation  of  cobalt 
h>dmxide  from  much  more  acidic  solution  having  a  pH  which  sometimes  is  less  than  unity.  Here  the  formation  of 
cobaiious  hydroxide,  as  the  fust  stage  of  the  formation  oi  cobaltic  hydroxide,  is  absolutely  excluded  since  it  is 
known  [10.  11]  that  the  precipitation  of  Co(OH)i  requires  a  considerably  higher  pH  (of  the  order  of  6-7). 

The  relative  activity  of  die  cobalt  ions  of  different  valency  in  the  solution  corresponding  to  activity  of  the 


oxidizing  agent  used,  is  determined  by  the  Nemst  equation 

c-vc- 

^  nF  a 


*Co*- 


Co' 


(12) 


where  the  activity  of  C~*  Is  independently  related  to  the  activity  product  of  ccrtialttc  hydroxide. 

*aCo(OH),‘*Co—'**OH*.  (13) 

If  it  is  considered  that  the  activity  of  OH*  Is  defined  by  the  ion  product  of  water 


*  aH»  *  aoH** 

and  that,  by  definition _ log  aH‘=  pH  (15).  substituting  die  corresponding  values  into  (12).  and  transposing  to  loga¬ 

rithms  to  the  base  ten.  we  obtain: 

E  =  ♦bTdog  La-3  log  Kw-3pH-log  aco-).  (16) 

Equation  (16)  expresses  the  relationship  of  the  process  of  the  oxidauon  of  Co**  Co***  and  the  subsequent 
hydrolysis  of  the  Co***  saitt.  relating  the  important  parameters,  temperature.  pH  the  solution,  activity  of  the  bl- 
valent  cobalt  ions,  with  the  physicochemical  properties  of  the  oxidizing  agent  (by  means  of  the  values  of  the  true 
redox  potential  E). 

Analysis  of  equation  (16)  shows  that,  if  the  representation  of  the  consecutive  nett  of  the  separate  stages  of  the 

process  of  preparation  of  cobaltic  hydroxide  (first  the  oxidation  of-  Co**  into  Co***,  then  the  hydrolysis  of  the  Co*** 
salts),  which  was  the  basis  of  its  derivation,  is  correct,  then,  during  the  precipiution  of  die  hydroxide  at  consunt 
tempeiaiure.  the  following  relationships  must  be  found:  based  on  the  oxidation  and  precipitation  of  the  cobalt  in 
the  form  of  cobaltic  hydroxide.  Le.  based  on  the  decrease  in  the  active  concentrarion  of  the  bivalent  cobalt,  the  pH 
of  the  solution  roust  gradually  increase:  the  stronger  the  oxidizing  agent  used.  Le..  the  highei  the  value  of  the 
redox  potential  (E),  the  smaller  will  the  equilibrium  pH  of  the  solution  be  at  the  given  active  concentration  of  co- 
baltods  oxide. 


Nothing  can  be  said  beforehand  about  the  effect  of  the  increase  In  temperature  of  the  solution  on  the  direc¬ 
tion  of  the  transposition  of  the  curves  of  change  of  equilibrium  pH  during  the  oxidation-precipitation  of  cobalt:  E 
can  increase  or  decrease  in  relation  to  the  properties  of  the  oxidJz'ng  agent  .•«!  with  increase  in  temperature,  which 
introduces  some  uncertanity  into  the  relation  between  the  consunt  (at  the  given  temperature)  coefficients  of  equa¬ 
tion  (16).  This  question  can  be  answered  expeiimenuUy  In  each  particular  case. 

The  heat  of  formation  of  cobaltic  hydroxide  had  been  measured  by  Thomson  in  1882-1886.  Thomson  mea¬ 
sured  the  heat  of  the  reaction: 


2CoCl,aq  =  NaaOsq  =  H^O  Uquid  *  4NaOH4q  *  2Co(OH)s^U4  crysuls  ♦  ^NaQ  (17) 

in  a  calorimeter. 

Brltske  and  Kapastinsky  [12]  calculated  the  heat  content  of  Co(OH),  at  18*  to  be  equal  to  177,000  cal/ mole 
for  formation  from  toe  elements)  from  his  data. 

Almofi  forty  yeas  after  Thomson's  Investigation,  It  was  shown  during  an  Investigation  of  (17)  proceeding  in 
neucal  mediiun  [B]  that  the  thin  surface  layer  of  particles  of  the  preclpUate  was  oxidized  to  cobalt  peroxide  which 
very  actively  decomposed  the  hypochlorite  caul ytically.  which  then  could  enter  Into  the  main  reaction.  The  amount 
of  decomposed  hypochlotite  Is  almost  undeterminable  and  depends  on  many  smaU  factors  (rate  of  addition  of  the  hy¬ 
pochlorite  into  The  solution,  efficiency  of  stirring  of  the  ixilp,  etc.)i  for  this  reason  It  can  be  supposed  *>tfT  less  than 


^46 

U4Z 


the  corresponding  stoichioroetrlc  amount  of  hypochlcslte  paurticlpated  In  reaction  (17)  in  Thomson's  experiments. 

Qi  the  other  hand,  the  amount  of  alka  J  used  was  always  sufficient  for  the  complete  precipitation  of  the  coibalt  in 
the  form  of  cobaitous  hydroxide  Co(OH)j,  and  for  this  reason,  a  certain  (undeterminable)  part  of  the  latter  must 
have  been  always  unbxidized. 

In  view  of  the  above  data  which,  it  must  be  thought,  were  unknown  to  Thomson,  it  must  be  recognized  that 
the  method  chosen  by  him  for  the  detcrmlnitioa  of  the  beat  of  formation  of  Co(OH)|  was  not  ai^licable,  anj  in 
principle,  could  not  give  ctviect  results.  However,  no  one,  after  Thomson.  other  pbysico^heroical  methods 
for  the  determination  of  AH. 

Ii  must  also  be  mentioned  that  Thomson  considered  cobaltic  hydroxide  crystalline:  later  investigauxs 
showed  that  P3,  14)  Co  (OH)y  'xHjO  does  not  have  a  noticeably  expressed  spatial  lattice  and  is  a  gel. 

The  solubility  product  of  cobaltic  hydroxide  was  calculated  at  25^  by  Latimer  p5):  starting  from  the 
value  of  the  heat  of  formation  (“173,000  cal/ mole)  obtained  by  Thomson,  and  an  approximate  accepted 
enuopy  of  formation  of  103.2  cal /degree.  Latimer  obuined  the  free  energy  of  formation  of  Co(OH),  from  the 
elcmentS/-l‘42,000  cal/mole,  from  which  L  =  2.5*  10“**.  Because  of  the  uncertainty  of  the  results  of  Thomson's 
experiments,  used  by  Latimer  as  the  basis  for  the  calculation  of  the  solubility  product,  the  value  of  the  Unet 
(according  to  Latimer)  roust  only  be  accepted  as  a  first  approximation.  Undoubtedly  in  any  case,  cobaltic 
hydroxide  is  a  very  poorly  soluble  compound. 

The  solubility  oi  the  hydroxide,  equal  to  6.6  •  10“*  mg/ liter  or  about  lO'^gions  of  Co***  per  1.,  was  found 
with  the  aid  of  the  radioactive  isomer  of  cobalt  p6).  There  was  no  possibility  of  examining  the  origiiul  paper  p6) 
and  the  conditions  under  which  this  value  was  obtained  (pH.  temperature,  and  others)  Is  not  known. 

Considering  all  of  tlie  above  on  the  question  of  the  detetmlxution  of  the  heat  of  formation  and  solubility 
product  of  Co(OH)^  it  was  necessary  to  once  more  determine  these  constants  using  a  method  which  excluded  the 
above  errors. 

For  this  reason,  the  equilibrium  constant  of  the  hydrolysis  reartion  of  Co'*  was  determined  (for  several  temp* 
eratiues  in  the  Interval  19  B1*) 

Co"*  ♦  30K’  *  Co(OH)^lid, 

from  hich 

K*  - - ^ 

*Co--  *OH' 


(18) 

(18') 


which  is  Identical  (in  a  thermodynamic  sense)  with  die  reaction 

Co*"  ♦  3H,0  =  Co(OH),jolld  ♦  SH*- 

from  which 


K* 


^H- 


‘Co" 


(19) 

(19*) 


reaction  (19)  more  accurately  describes  the  chcmism  of  the  hydrolysis  of  the  salts  of  Cc*“  in  an  acidic  medium. 

From  (19')  we  obtain 

log  K'  =  “3pH  “log  a^~  .  (20) 

which  makes  it  possible  to  apply  the  known  equation 

1  KL  *  ,  QilTil'Iil  (21) 

"  *  Ki  4  575 TjT* 

to  find  Qj,  the  heat  effect  of  the  reaction  of  formatloa  of  Co(OH)s  from  the  ions  Co**  and  OH',  since  the  beats 
of  formation  of:  Co*  from  Co  p2)  equal  to  ♦16500  cal^-ion.,  Co**  from  CoT  p7)  equal  to  ♦  33700  cal/g**®!!, 
(thus  the  heat  of  formation  of  Co**  from  elementary  cobalt  in  solution  is  ♦  50?''0  cal/g*ion,  and  OH*  from  the 
elements  [121  equal  to  54660  cal/fe-ion.  is  known  from  the  literatute.  then  there  is  no  difficulty  In  calculating 
Q.  the  heat  of  formation  of  cobaltic  hydroxide  from  the  elements. 

Using  the  values  of  a^g*-  and  aoH‘  experimemally,  is  also  easy  to  detcrral'ie  the  activity  product 
of  cobaltic  hydroxide,  (13). 


EXPERIMENTAL 


The  precipitation  of  cobaltic  hydroxide  was  effected  by  sodium  hypochlorite  solution  from  solutions  of 
C0SO4  and  C0CI4.  The  solution  in  a  flask  was  cfficiemly  stirred,  and  the  hypochlorite  was  added  dropwlse  from 
a  burette.  The  true  redox  potcntul  generated  la  the  solution  was  tneasored  by  means  of  the  usual  compensation 
scheme  by  smooth  plaUnuin  electrode  versus  a  sauiramd  calomel  one.  The  flask  with  solution  was  placed  Into 
an  aqueous  thermosut  uje  temperature  of  which  was  held  with  an  accuracy  of  jsO.5*. 

TABLE  1 

Change  in  Parameters  During  the  Preciplution  of  Cobaltic  Hydroxide  from  a  Chloride  SolutlDn 
Experiment  98-k,  pH  of  the  starting  solution  1.13:  In  the  solution—iO  g,/llter  of  NaCl;  hypochlorite:  Active 
Cl.  122  g/liiet  NaOH  19  g/lUer. 

Expernnent  99-k,  pH  of  the  starting  solution,  1.16;  in  the  solution.~40  g/'Uxe'  of  \aCL  hypochlorite:  Active 
Cl.  122  g/liter,  NaOH  19  g/Iitet. 


-44.775 

-44.432 

-43.900 

-44.442 

-44.716 

-44.218 

-44.848 


iAveiag! 


10.469 

10.428 

10.433 

10.635 

10.900 

10.S36 

11,191 

10.915 

10.870 

11.177 

11.253 


The  accuracy  of  the  potential  measurement  was  ^.002  V.  In  order  10  measure  the  pH  of  the  solution 
(by  means  of  a  potentiometer  with  glass  electrodes),  a  sample  was  removed  from  the  pqlp  after  the  addition  of 
the  determined  quanrity  of  hypochlorite.  The  accuracy  of  the  pH  measjneroeni  was  ix>}  lower  than  ^O.Ob.  After 
the  determination  of  the  pH,  the  »mple  was  filtered,  and  the  concentration  of  the  cobalt  and  chloride  ioxu 
determined. 

The  cobalt  solutions  were  prepared  from  cobalt  sulfate  and  chloride  of  Pure  for  Analysis  grade;  the  solu¬ 
tions  were  initially  purified  from  iron  hydroxide,  wldi  cobaltous  hydroxide  and  filtered;  the  filtrate  was  acidi¬ 
fied  with  CP.  sulfuric  or  hydrochloric  acid,  respectively,  10  a  pH  of  about  1,2.  The  sodium  hypochlorite  soln- 
tlons  were  prepaicd  by  passing  purified  chlorine  gas  Imo  a  solution  of  C.P.  sodium  hydroxide  at  temperatures 
not  greater  than  15*. 

The  actual  potemUl  was  measured  at  once  after  the  addition  of  the  hypocUorlie  and  the  measurements 
were  then  continued  pcriodlcaUy  untU  Estopped  changing.  A  sample  of  the  pulp  wa>  then  removed,  and  the  pH 
of  the  solution  n3easured. 


Compositioa  of  the  solution 
fc  /litcri 

E  (mV) 

Logarithm  of  tne 
i  activities 

Co- 

Cl* 

pH 

Daring  the 
addition 
of  the  hy¬ 
pochlorite 

Duiir\g 
the  deter- 
minatioo, 
of  pH 

Co- 

Co— 

648 


table  2 

Ounge*  in  Pararoetcn  During  Precipl^tioa  of  Cobaltk  Hydroxide  from  Sulfate-Chloride  Solutlom. 
Expcrirnpnu  6-5-k,  97-kj  starting  sG.utron  of  cobalt  sulfate  without  the  addition  of  KaCl;  the  tenooval 

of  the  sample  w«  conducted  at  19.2*  after  4  hours.  50.5*.  after  1-2  hours,  and  at  SI*.  1.5  hours. 


Tem¬ 

pera¬ 

ture 

Composit 

g 

ion  of  the 
filter 

solution. 

E(in  V) 

log  L* 

logK* 

Cd‘‘ 

cr 

pH 

During  the 
addinon 
of  the  hy¬ 
pochlorite 

During 

the 

determin¬ 
ation  of  pH 

Co- 

Co— 

f 

18.1 

9.47 

1 

!  2.40 

1,398 

1.358 

1 

'-0.844 

-8.821 

-43.621 

♦  1.621 

1 

11.8 

13.85 

1  2.43 

1.393 

1.358 

-1.018 

-8.993 

-43.693 

♦  1.693 

Ir.  J  i 

1 

7.25 

17.70 

i  2.63 

— 

1.339 

-1.208 

-9.508 

- -43.608 

♦  1.608 

V 

5.83 

18.50 

2.68 

* 

1.333 

-1.276 

-9.676 

-43.636 

1  ♦  1.636 

I 

Average 

-43.64 

♦  1.642 

f 

20.5 

7.53 

1.69 

1.408 

1.328 

-0.793 

-9.268 

-44.098 

♦  4.198 

1 

14.5 

9.47 

1.95 

1.398 

1.298 

-0.932 

-9.877 

-43.927 

♦  4.027 

50*0  1 

1 

7.86 

12.6 

1.76 

1.398 

1.338 

-1.174 

-9.489 

-44.109 

♦  4.209 

K 

3.47 

13.8 

1.93 

1.388 

1.337 

-1.468 

-9.803 

-43.883 

♦  4.020 

Average 

i 

-44.01 

♦  4.113 

/ 

25.2 

6.10 

1.40 

1.361 

1.211 

-0.706 

-10.966 

-44.596 

♦  6.756 

1 

20.5 

11.25 

1.46 

1.361 

1.262 

-0.790 

-10,340 

-43.750 

♦  S.91S 

\ 

! 

17.3 

18.40 

1.38 

1.351 

1.278 

-0.864 

-iO.180 

-43.840 

♦  8.024 

i 

At  A  ^ 

8.3 

20.30 

1.45 

1.351 

1.254 

-1.149 

-10.809 

-44.259 

♦  6.414 

2.74 

— 

1.70 

1.361 

1.224 

-1.553 

-11.643 

-44.346 

♦  6.003 

0.72 

— 

2.01 

1.351 

1.228 

-1.958 

-12.008 

-43.778 

♦  5.933 

K 

0,095 

— 

3.30 

1.351 

1.232 

i 

-2.796 

-12.766 

C-40.646)* 

(♦2,846)* 

1 

Average . 

-44.15 

♦  6.232 

TABLE  3 

Giange  in  the  Pararoetets  During  Precipitation  of  Cobaltic  Hydroxide  from  Sulfate  Solutions. 

Experiment  92-k;  starting  rolution  of  C0SO4  with  40  gyaUet  of  Co;  pH  1.06;  temperature  80*;  hypochlorite:  active 


C 1 , 96  g/liU*T;  NaOH,  30  g/liter. 


Composition  cf  the  solution  (g/llier) 

E  (In  V)  1 

iogarithm  of  the  activity  i 

During  the 
addition  of 

During  the 
derermln- 

Co— 

C<r* 

Cl* 

pH 

the  hypo¬ 
chlorite 

ation  of 
pH  _ 

Co- 

35.2 

(1.3) 

1.13 

1.437 

1.413 

-0.547 

-7.897 

33.6 

(2.0) 

1.25 

1.413 

1.402 

-0.556 

-8.066 

32.6 

(3.5) 

1.28 

1.412 

1.400 

-“0.585 

-8.135 

29l4 

5.0 

1.32 

1.406 

1.391 

-0.635 

-8.310 

27.6 

6.50 

1.36 

1.396 

1.385 

-0.663 

-8.418 

24.8 

(8.0) 

1.38 

1.392 

1.370 

-0.704 

-8.674 

22.0 

9.42 

1.40 

1.385 

1.366 

-0.762 

-8.797 

19.9 

(10.5) 

1.52 

1.376 

1.355 

-0.804 

-8.984 

18.9 

11.57 

1.48 

1.378 

1.357 

-0.827 

-9.037 

log  1^ 


-42.307 
-42.116 
-42.095 
-4L150 
-42.133 
-42.334 
-42.397 
-42  224 
-42.397 


logK* 


♦  4.507 

♦  4.316 

♦  4.295 

♦  4.350 

♦  4.333 

♦  4.734 

♦  4.597 

♦  4.424 

♦  4.597 


•  The  reason  for  the  extreme  dcvUtlon  from  the  average  values  obuined  with  large  concentrations  of  Co-  in  the 
solution  is  the  start  of  the  peroxidation  of  cobaltic  precipitate  at  pH  >2.5  at  the  above  tempcAturcs  [141. 


-It 
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TABLE  3  —(continued) 


Composition  of  the  solution  (cTiter) 

E  (in 

V) 

!!ICT!4Wffl 

logK* 

Co- 

a* 

PH 

During  the 
addition  of 
the  hypo¬ 
chlorite 

During  the 
determina¬ 
tion  of 
pH 

Co- 

Co— 

B 

16.3 

(12.6) 

1,50 

1.373 

1.354 

-0.886 

-9.041 

-42.341 

♦  4.541 

14.7 

13.77 

1.47 

1.363 

1.346 

-0.924 

-9.239 

-42.629 

♦  4.829 

ILl 

(14.7) 

1.55 

1.361 

1,332 

-1.036 

-9.551 

-42.701 

♦  4.901 

a65 

(15.74) 

1.60 

1.361 

1.335 

-1,092 

-9.567 

-42.567 

♦  4.767 

8.40 

(16.8) 

1.60 

1.361 

1.339 

-1.149 

-9.564 

-42.564 

♦  4.764 

7.35 

17.97 

1.52 

1.361 

1.333 

-1.194 

-9.694 

-42.934 

♦  5.134 

Notes:  1)  Sa.mples  were 

taken  after 

5-10  minutes 

;  2)  figures  in 

Ave/age.  . 

-42.39 

♦  4.61 

parentheses  are  interpolated  values  (the  same  in  Tables  4  and  5). 

TABLE  4 

Change  in  Parameters  During  I^ecipitaaon  of  Cobaltu.  Hydroxide  from  Chloride  Solutions. 

Experiment  9(H‘;  starting  solution  of  CcClt,  with  50  g/liter  of  Co*-i  lempeature  81*;  hypochlorite. 

74  g/liter:  NaOH  24  g'liter.  Experiment  934c;  starting  solution  of  CoCl*  and  NiCl|  containing  30  g/liter  of  Co 
and  60  g'lter  of  Ni,  pH  1.42;  tempeiature  80*;  hypochlorite;  101.4  g/liter;  NaOH,  41.6  g/liter 


Composition  of  the  solution  (g/liter) 

E(LnV) 

log 

logK* 

co-/cr 

. 

t 

Cl"'  1 

i 

PH 

During  the 
determina¬ 
tion  of 
pH 

- - 

Co*‘ 

Co— 

40.3 

72.4  1 

1.83 

— 

1.306 

1,273 

-0.491 

-  9.88 

-42.190 

♦ 

4.390 

34.5 

63.4 

1.73 

1,316 

1.298 

-0.650 

k;-  9.C9 

-42.300 

♦ 

4.500 

27.7 

63.4  ’ 

1.80 

1.306 

1.303 

-0.664 

^  9.614 

-42.014 

♦ 

4.214 

22.5 

— 

1.82 

1.320 

1.306 

-0.754 

-  9.664 

-42.004 

♦ 

4.204 

18.3 

63.4 

1.88 

1.320 

1.303 

-0.838 

-  9.80 

-4L960 

♦ 

4.160 

14.7 

“  i 

1.85 

1.318 

1.302 

-0.924 

-  9.89 

-42.140 

♦ 

4.340 

11.2 

54,3  i 

1.96 

1.322 

1.311 

-1.036 

-  9.89 

-41.810 

A 

4.010 

9.10 

— 

1.95 

1.326 

1.305 

-1.114 

-10,04 

-41.990 

♦ 

4.190 

5.25 

60.4 

1.93 

1.324 

1.311 

-1.319 

-10.17 

-42.180 

♦ 

4  380 

3.65 

1.98 

1.326 

1.314 

-1.456 

-10.26 

-42.120 

♦ 

4.320 

1.04 

2.07 

1.328 

1.324 

-1.842 

-10.50 

-42.090 

♦ 

4.290 

0.66 

i 

2,30 

1.296 

1.269 

-1,958 

-11.39 

-42.290 

♦ 

4.490 

: 

Avei&ge 

-42.00 

♦ 

4.29 

25.8 

101.4 

1.50 

1.333 

1*316 

-0.695 

-  9.445 

-42.745 

♦ 

4.945 

22.4 

(104) 

1.56 

1.320 

1.314 

-0.757 

-  9.527 

-42.647 

♦ 

4.847 

19.5 

107.7 

1.57 

1.322 

1.311 

-0.812 

-  9.632 

-42.722 

♦ 

4.922 

15  9 

(97) 

1.70 

1,325 

1.321 

-0.896 

-  9.561 

-42.261 

♦ 

4.461 

14.8 

86.9 

1.58 

1.333 

1.326 

-0.921 

-  9.531 

-42.591 

♦ 

4.791 

13.6 

(85.4) 

1.70 

1.331 

1.317 

-0.955 

-  9.685 

-42.385 

♦ 

4.585 

12.1 

84.0 

1.78 

1.328 

1.315 

-1.000 

-  9.755 

-42.215 

•f 

4.415 

10.9 

83.2 

1.77 

1.326 

1.311 

-1.046 

-  9.866 

-42.356 

♦ 

4.556 

10.1 

82.5 

1.85 

1.334 

1.310 

-1.076 

-  9.898 

-42.148 

♦ 

4.348 

Average 

-42.45 

♦ 

4.65 

Notes.  In  both  experiments,  the  samples  were  removed  after  ten  minutes. 


A  state  close  to  equilibrium  was  usually  established  at  room  temneratore  after  1.5  -2  hours,  arid  at  higher 
temperatures  (50-80*),  after  30-60  mliuites. 

ta  order  to  judge  the  state  of  the  process  under  conditions  approximating  the  industrial.  In  a  of 


experiments.  tiiC  remtnal  of  the  samples  and  the  basic  measurements  (E  and  pH)  were  conducted  5  - 10  minutes 
after  the  addition  of  each  portion  of  the  hypochlorite.  The  results  of  the  experiment  are  given  in  Tables  1-6. 

The  activity  coefficients  of  C0SO4  and  CoClj  were  taken  from  data  flS,  181  The  calculation  of  and 
KJ  for  temperatures  above  room  temperature,  required  a  knowledge  of  the  value  of  the  tx>rmal  potential  of  Co**'^^ 
— ►Co”*  and  the  ion  product  of  water.  Ef®/  Co”  20*  was  taken  as  being  equal  to  1.82  V,  and  the  temperature 
coefficient.  0.C0168  V  per  degree  [4.  17];  Ef°  vCo...  obtained  as  1.87  V  and  1,93  V  for  80  ♦  Tby  ex¬ 

trapolation.  The  value  of  the  ion  product  of  water  for  various  temperatures  was  taken  from  [191 

The  activity  of  the  Co-**  was  calculated  wldi  equation  (12),  the  logariihnlc  hydrolysis  comtant  of  Go¬ 
by  equation  (20).  and  the  activity  product  La  co(OH),  equation  (13). 

All  the  values  calculated  on  the  basis  of  experimental  data  are  given  in  the  same  Tables  (1-6). 

TABLE  5 

Change  in  the  Parameters  During  Precipiutlon  ofCobaltic  Hydroxide  from  Sulfate  Solutions 
Experiment  94-k;  starting  solution  C0SO4:  pH  1.06;  Hypochlorite  90.4  g/liter;  NaOH  32  g/liter; 

temperature.  80*.  The  samples  were  removed  after  5-10  minutes. 


Composition  of  tlie  solution  (g^'lHer) 

Ejln  Y) _ 

Logarithm  of  the  activity 

logl^ 

logK* 

■ 

Co** 

; 

a* 

1 

i 

pH 

During  the 
addition  of 
the  hypo¬ 
chlorite 

During  the 
determina¬ 
tion  of 
pH 

Co- 

Co- 

33.8 

(2.1)  : 

1.15 

> 

— 

1.344 

-0.568 

-  8.898 

-42.248 

♦  5.448 

31.5 

4.35  • 

1.26 

1.350 

-0.600 

-  8,850 

-42.870 

♦  5.070 

29.1 

1.28 

1.334 

-0.638 

-  9.018 

-43.158 

♦  5.178 

24.4 

24,3  i 

1.40 

1.335 

-0.719 

-  9.199 

-42.799 

♦  4.999 

22.0 

(25) 

1.40 

1.326 

-0.762 

-  9.312 

-42.912 

♦  5.112 

20.5 

25.4 

1.43 

1.318 

-0.790 

-  9.500 

-43.010 

♦  5.210 

18.6 

(2C) 

1.45 

1.319 

-0.832 

-  9.532 

-42.982 

♦  5.182 

14.5 

30.0 

1.46 

^  • 

1.299 

-0.932 

-  9.932 

-43.352 

♦  5.552 

12.1 

34.0 

1.52 

1.284 

-1.005 

-10.205 

-43.445 

♦  5.645 

11.3 

(36) 

1.53 

1.300 

-1.032 

-10.002 

-43.212 

♦  5.412 

8.8 

37  6 

1.63 

1.294 

-1.125 

-10.185 

-43.095 

♦  5.235 

7.90 

(42.0) 

1.66 

1.301 

-1.168 

-10.118 

-42.938 

♦  5.138 

3.87 

(53) 

1.71 

1.305 

-1.432 

-10.332 

-43.002 

♦  5.202 

2.86 

53.6 

1.78 

1.288 

-1.538 

-10.688 

-43.148 

♦  5.348 

2.12 

(54) 

1.8? 

1.288 

-1.620 

-10.800 

-43.140 

♦  5.340 

J.Ol 

55.8 

2.00 

1,294 

-1.854 

-10.904 

-43.704 

♦  4.904 

Average 

-42.93 

♦  5.31 

Because  in  these  experiments  sodium  hypochlMlte  was  used  as  the  oxidizing  agent,  and  a  certain  amount 
of  gasecus  chlorine  is  evolved  from  the  solution  In  the  process  of  oxidizing  cobalt,  then  the  following  processes 
participate  in  the  generation  of  the  compromise  (actual)  potential  in  the  solution: 


2C1*=C1, +26-,  E,  =  1.36V.  (22) 

a*  ♦  H,0  =  HC10  ♦  H  +2c-.  £,  =  1.50  V.  (^) 

Cl,  ♦2H,0=2HC10  ♦2H*  +26-  E,  =  1.64V.  (24) 

The  corresponding  equations  for  the  actual  redox  potential  of  each  of  these  reactions  are  as  followi. 


nF  aoj 

cr/HClO  RT ,  *cr 
=  E.  *"  T 

"  *HC10*H- 


E-E, 


(22*) 

(23*) 


No  measurements  made. 


CL/Hao  RT 
E  =  E,  ^ - 


In 


*C1, 


_ j* 

nF  *HaO’*k 

In  order  to  make  possible  an  examination  of  the  effect  of  the  various  factors  determinLng  the  E  and  pH  during 
the  precipitation  of  the  cobalt  pCl  the  measurement  of  E  and  pH  was  conducted  in  dUuie  soluuons  of  sulfuric  acid 
during  titiatioc  with  hypochlorite  solution.  The  results  of  the  experiments  are  shown  on  Figs*l  aixi  2. 

As  it  was  expected  from  equations  C22*),  (23*), 
(24*).  the  actual  redox  potential  of  the  solution  at  pH 
below  3  (i.e.,  in  the  pH  region  of  the  ptecipiutlon  of 
cobaltic  hydroxide  at  19-81*).  decreased  with  the  in¬ 
crease  of  the  cowrentration  of  Cl*  in  solution,  and  as 
the  experiment  showed,  did  not  vary  with  the  pH  and 
the  temperature  of  the  solution. 

Renuning  to  Tables  1-5.  it  is  apparent  that  £• 
and  its  tendency  to  change  with  the  time  of  the  oxi- 
danon  piecipitation  of  cobalt  with  hypochlorite  Indi¬ 
cates  that  hypochlorous  aerd.  not  containing  cobalt, 
is  found  in  the  solution:  the  greater  the  concentra¬ 
tion  of  the  chloride  ion  in  the  cobalt  solutions,  the 
lower  is  E  at  the  time  of  the  precipiutlon  of  the  co¬ 
balt.  the  weaker,  therefore,  the  oxidizing  ability  of 
the  hypochlorite  in  such  solutions. 

Fig.  3  shows  that,  in  accordance  with  equation 
(16).  the  decrease  of  the  oxidizing  strength  of  the  agent 
used  leads  to  a  shift  of  the  curves  of  the  equilibrium 
values  of  the  pH  during  the  precipitation  of  cobalt 
in  the  region  of  higher  pH  values,  while  Figs  3,  4.  and 
5  confirm  the  completely  obvious  telation  between  the 
pH  and  the  concentration  of  the  bivalent  cobalt  during 
the  oxidation  of  the  latter  to  the  aivalent.  and  the  for¬ 
mation.  in  equilibrium  with  a  solution,  of  the  precipi¬ 
tate  of  Co(OH)}.  It  is  apparent  on  these  same  figures, 
that,  with  increase  in  temperature  of  the  pulp,  the  curve 
of  the  equilibrium  value  of  pH  is  sharply  shifted  into  the 
region  of  more  acidic  solutions. 


(24*) 


Fig  1  Effect  of  the  temperatu'e  on  the  change  in  E 
and  pH  during  titration  of  1/5  liiliSO^  (with  the  addi¬ 
tion  of  40  g/liter  of  NaCl)  with  an  alkaline  solution 
of  sodium  hypocluorite. 

1)  At  24*;  2)  at  50*;  3)  at  80*. 


It  is  apparent  from  Tables  1-5  that  the  values 
of  log  K’  and  log  show  a  small  variation  from  the 
average  during  the  extending  of  the  precipitation  rime, 
and  that  the  corresponding  values  for  removal  of  samples 
after  5-10  minutes  and  aftei  1-15  hours  after  the  addi¬ 
tion  of  the  hypochlorite  are  also  very  similar.  All  of  this  indicates  that  the  system  of  solution— precipitate  for  cobaltic 
hydroxide  approaches  a  state  close  to  the  equilibrium  within  a  very  short  time. 

It  is  also  apparent  from  these  results  that  the  activity  coefficient  l-^Co(OH)|  ^creases  with  the  temperature 
(Table  1);  a  considerable  sorption  of  the  sulfate  ion  by  the  ptecipiute  occurs  in  the  sulfate  solutions  which  somewhat 
distoru  the  picture  of  the  change  of  during  the  increase  in  temperature  (Table  2);  Thus  the  weight  ratio  of  Co**': 

.  SO4  in  precipitates  obtained  at  about  80*.  varied  from  1:0.1  to  1:0.2,  while  at  lower  temperatures,  the  sorption  of 
the  SC4  was  still  higher. 


For  this  reason,  the  most  reliable  of  all  of  the  thermodynamic  values  were  given  by  experiments  in  chloride 
soluuons  because  the  side  processes  (sorption  of  the  anion)  were  at  a  minimum. 

Considering  the  above,  the  following  values  (according  to  Table  1)  can  be  accepted  for  the  activity  pro¬ 
duct  of  Co(OH)j  for  temperatures:  19*  3.2-  10"*,  81*  =  3  2  •  10'*. 

Increase  of  the  equilibrium  consunt  (K*)  of  the  hydrolysis  reaction  of  CO*‘  with  the  increase  of  the 
•  The  actual  potential  was  always  recalculated  versus  the  hydrogen  electrode. 


952 


t 


Hypochlorite  (ml) 

Fig  2.  Effect  of  the  concentration  of  the  chloride  ion 
on  tne  change  of  JE  and  pH  during  titration  of  a  1/10  N 
H;S04  with  an  alkaline  solution  of  sodium  hypochlorite. 
1)  Without  Nad  In  tfie  starting  solution:  2)  with  200g/ 
liter  of  Nad. 

temperature  indicates  the  endothermic  character  of 
The  reaction. 

The  following  value  is  obtained  for  the  reac* 
tion  in  chlwide  solutions  using  the  data  in  Table  1. 

Qi  =  -22500  cai., 

while  from  the  data  of  other  pairs  of  experiments 
(100-k  and  lOl-k),  the  results  of  which  are  not  given 
in  consideration  of  economy  of  space,  the  following 
values  were  obtained  for  the  valrr  of  Qi:  for  the 
temperature  Interval  19.0-60,2*.  33.900  cal;  50.2- 
810*.  36.'»00 cal.  19.0-81.0*.  35.000  cal.  There- 
fote.  the  heat  effect  of  the  formation  of  Co(OH)j 
from  the  elements  has  the  following  value  (in  the 
interval  10-81*):  for  preclpltatloo  from  chloride 


CcTCffuter) 

Fig.  3.  The  effect  of  the  presence  of  the  chloride  ion  in 
cobalt  solutions  on  the  change  of  the  position  of  the  equil¬ 
ibrium  pH  cur-  e  of  the  solution  during  the  precipitation  of 
cobaltic  hydroxide  with  sodium  hypochlorite. 

1-2  Sulfate  solutions:  3-4  chloride  solutions. 


Fig.  4.  Effect  of  temperature  and  coiKentxatior:  of  Co 
on  the  equilibrium  pH  value  of  the  solution  during  the 
precipitation  of  cobaltic  hydroxide. 

1)  Experiment  No.  95.  at  19*.  2)  experimertr  No.  96, 
at  50“;  3)  experiment  No.  97,  at  81*. 


Co  on  the  equilibrium  pH  value  of  the  solution  dur¬ 


ing  the  precipnstion  of  cobaltic  hydroxide  with  sod¬ 
ium  hypochlo.ite. 

1)  Espe'iment  No  98  k  2)  e^petimcni  No.  100-k: 
3)  cxpefuren»  nc.  90  k;  4)  experiment  No,  101-k. 

I -at  20*;  a -at  80*. 


solutions,  +231:. 9S0  cal/mole.  for  precipitation  from  sulfate  solutions*  -fr 249. 180  cal/mole. 


The  greater  value  of  the  value  Q  obtained  for  the  precipitation  cobaltic  hydroxide  from  sulfate  solutions 
can  be  explained  by  the  slight  shift  of  the  equilibrium  between  the  solution  and  cobaltic  hydroxide  as  a  result  of 
the  exothermic  process  and  the  sorption  of  the  sulfate  ion  by  the  precipitate.  The  calculations  did  not  take  into 
account  the  other  exothermic  process,  the  hydration  of  the  precipitate;  usually,  this  is  small  according  to  the  ab¬ 
solute  value  of  the  effect. 


The  very  large  absolute  value  of  Q  is  supplementary  proof  that  cobalt  hydroxide  precipitate  is  a  gel.  and 
not  a  crystalline  solid  D4j.  because  of  which  a  consideuble  store  of  internal  energy  remains  unliberaied. 

Laboratician  N.  N.  Dyin  paniclpaied  in  the  investigation, 

SUMMARY 


1.  An  electrochemical  method  for  the  invesilgailon  o<  phenomena  occu»rlng  during  the  process  of  the  pre¬ 
cipitation  of  cobaltic  hydroxide  was  used,  the  relauonships  of  the  variation  of  the  equilibrium  pH  values  of  the  solu¬ 
tion  with  temperaiuie  and  concencauon  of  the  bivalent  cobalt  in  chloride  and  sulfate  solutions  was  studied,  and  the 
effect  of  the  value  of  the  redox  potential  of  the  oxidizing  agent  was  shown. 


2.  The  results  obtained  favor  the  representatioo  of  the  formation  of  cobaltic  hydroxide  by  the  action  of 
strong  oxidizing  agents  as  the  oxidation  of  Co"  to  Co***,  -^nd  the  subsequent  hydrolysis  of  the  dalts  of  the  trivalent 
cobalt. 

3.  More  accurate  values  of  the  activity  product  and  the  heat  of  formation  of  cobaluc  hydroxide  were  ob- 

uined. 
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PHYSICO-CHEMICAL  ANALYSIS  OF  SYSTEMS  WITH  INDIUM  SULFATE 

I.  D.  Mnzyka 

The  development  of  experiments  on  the  study  of  the  processes  of  complex  formation  in  solution  {ot  the 
deienrination  of  composition  and  molecular  state  of  the  complex  compounds  stimulated  great  interest  in  the  inves¬ 
tigation  of  systems  of  the  type  A-B-solvent  with  various  methods  of  physico-chemical  analysis,  which  tesulted  in  the 
development  of  new  methods  for  the  investigation  of  sach  systems  flj. 

In  the  present  communication  basic  results  are  reported  of  the  physico-chemical  investigation  of  systems  of 
iridium  sulfate-sulfuric  acid  (or  ammonium  sulfate)  in  aqueous  solutions. 

Indium  sulfate  is  comparatively  readily  soluble  in  water.  From  neutral  solutions,  this  salt  crystallizes  with 
r.ae.  and  according  to  more  recentresulu  {2],  with  ten  molecules  of  water.  In*(SQ4)j-ioH/),  From  solutions  contain- 
iTig  sulfuric  acid,  a  product  of  the  addition  of  hi|(SQ|)3  with  sulfuric  acid  precipitates, which  is  regarded  in  the  litera¬ 
ture  as  the  complex  acid  HIii(SQ4),  -  sViHjO  analogous  to  the  crystallo-bydrate  of  the  same  type  of  compound  of 
thallium  HUfSpj),  •  4H|0  J3}.  or  as  the  acio  salt  lnH(SO|),  [4].  Indium  sulfate  forms  double  salts  with  a  senes  of 
n’onovaleiu  metals  (and  ammonium)  of  the  general  type  Melr(SQ4),  •  12H|Oand  Met^SO^)}  •  4H,0  [51  The  njm- 
ber  of  molecules  of  water  of  crystallization  to  a  great  degree  depends  on  the  nature  of  tlie  monovalent  metal  and 
the  conditions  of  crystallization  of  the  salts.  For  example,  the  following  salts  of  tnir  type  wete  obuined:K(S04  • 
InjCSO^),  .  8H,0.  NajSQ*  •  L^SQ*),  *  8H,0  [5].  16,504  -  ln,(S04),  -  24H,0.  Cs^SO^  •  ln,(S04),  .  24H,0  (6).  (NH4)sS04 
•  •  24H,0  ni 

All  of  these  salts  are  formed  by  the  mlxL’tg  of  concemiated  solutions  of  these  components  twken  is  equimo- 
lecular  ratios.  These  salts  are  readily  soluble.  Hydrolysis  occurs  upon  boiling  the  solutions  (5,  61 

Double  salts  with  alkyl  substituted  ammonium  rations  are  also  known,  as  for  example:  (CH,NH,),S04  * 
IzjfSO^  .  4H,0.  2(C,H,NH,),S04  -  iTjCSO^),  •  7h,0.  Slp-CjHu^'Ha)*^*^!*  ‘  t’-tCSQi),  •  6H,0  and  several  others  [81 
These  salts  possess  great  subiliiy  to  beat.  Their  roeltuig  points  are  over  SCO*.  In  a  series  of  cases,  these  salts 
also  possess  optica!  activity.  Arialogous  complex  halide  salts  of  substituted  ammonium  bases  (in  contrast  to  the  sul¬ 
fates)  crystallize  without  water,  for  example:  2(C,H,),NQ  *  InCI^  2(CH,)4NBr  *  InSr,,  and  others  PI 

All  of  the  above  mentioned  double  salts  of  indiuri  sulfate  we»  studied  mainly  fa  pceparxtlve  purposes,  to 
develop  a  mediod  for  the  preparation  of  these  salts  out  of  solution  certain  physico-chemical  properties  such  as: 
meltir.g  point,  solubility,  etc.,  were  also  investigated. 

Solutions  of  these  salts  bad  scarcely  been  investigated  in  the  physico-chemical  sense.  This  remark  is  also 
tnie  for  systems  of  Indium  sulfate-snlfuric  acid-water. 

Ensslln  p],  studying  the  syaem  InC,  -SOj-i^O  by  method  of  solubility  and  densities,  esublished  that  the  fol¬ 
lowing  sulfates  are  formed  in  this  system  at  temperatures  between  20  and  60*:  Ln^cSQj,  •  nH,0  (n  =  10.  6,  5.  4)j 
l2»(S04),  •  H,S04  *  21n(OH)  -  (SO4)  •  51^0. 

The  decahydrate.  -  10H,O  is  a  white  readily  soluble  sale  Acceding  to  Ensslin,  u  is  femed  In 

solutions  containing  from  10  to  20  weight  ^  of  free  sulfuric  acid.  Solutions  coataLiing  less  Than  3^  of  the  acid 
result  in  the  formation  of  basic  salts.  At  a  concentration  of  sulfuric  acid  greater  than  30^,  a  salt  of  the  coroposi- 
1103  fc,(Sp4),  •  1^504  •  7H4D  is  formed,  which  precipitates  in  the  form  of  shiny  white  tablets  a  plates.  Crysttl- 
lization  occurs  at  room  temperature. 

The  aidiydrous  salt  of  indiuo;  sulfate  is  obtained  by  heating  •  H^SO^  *  7i^O  to  2S0  . 

EXPERIMENTAL 

The  problems  of  the  present  investigation  v#ere  to  study  the  possJrlliiy  of  using  clectroco*\l»;ctiviiy  (lad 
cryoicopy)  as  a  method  of  phyisco-chemical  analysis  of  systems  of  the  type  A  -bsolve.nts.  to  esublish  whether  or 


TABLE  1 

The  Specific  Elcctroconductivuy  of  the  S>'stenj  Irjj(S04)j“H2S04—H/); 
0.1  molar  solution 


Mole  ^  i  Specific  electrocor.ductivuy 

lrwrSO..>,H.SoJ  x  *  10*  (found)  at  i* 

Specific  elearoconductivity 
x  •  10*  rcalculated)* at  t* 

!  G 

*20  ; 

30 

1  40 

P. 

!  20 

-70 

;  40 

0 

3L28 

42.30  1 

45.61 

j49.%6 

31.28 

i  42.30 

45.61 

1  49.46 

20 

25.23 

34.40 

37.42 

j. 10.30 

26.68 

1  3S.30 

39.37 

1  42.76 

40 

20.32 

27.55  ' 

29.78 

,32.19 

22.08 

!  30.37 

38  14 

36.22 

50 

18.02 

24.42  , 

26.57 

28.53 

19  78 

27  39 

30  03 

33  85 

60 

15.83 

21.44 

23.68 

•25.46 

17.49 

24.40 

26.91 

29  60 

IOC 

8.29 

12.48 

14  46 

j  16.36 

8.29 

,  1 

14  46 

i  16  36 

TABLE  2 

SpeciiiJ  Elc-troconduciivity  of  the  System 


Mole*?!} 

In,(S04),/(NH4)xS0^ 

Specific  electroconductivny  x  -  10*  at  t* 

Measured 

Calculated 

20 

30 

•  40 

20 

30  J 

40 

0 

16  60 

19.87 

23  30 

16.60 

19.87 

23  30 

10 

15.70 

18.81 

'22.02 

16.17 

19  33 

22.61 

20 

15.15 

- 

21  00 

15.78 

— 

21.91 

30 

14  45 

17.06 

19  73 

15.36 

18.25 

21.01 

40 

13.98 

16.35 

18.80 

14.95 

17.71 

20.52 

50 

13.46 

15  74 

.  16.04 

14  54 

17.16 

19  83 

60 

13.26 

15  45 

17  62 

14.13 

16  62 

19.14 

70 

12.94 

15  15 

17.16 

13.72 

16.08 

18.44 

•80 

12.73 

14  84 

'  16  84 

13  22 

15.54 

17.74 

100 

12.48 

14  46 

j  16.36 

12.48 

14.46 

IS  36 

Fig  1  Devution  of  the  specific 
elecroconduciivjty  of  the  s>-stem 
In,(S04),-H,S04-H,0 
1)  C*;  2)  20*;  3)  30*  and  4)40*  and 
a  total  concennation  of  u.l  molat 

not  complex  compounds  are 
formed  in  thu  type  of  system, 
to  determine  the  composition  of 
these  complex  compounds  di* 
rectly  in  solution,  and  to  study 
the  effect  of  temperature  and 
concentration  of  the  solution 
upon  rfje  isothenral  electrococ* 
ductivity  curves.  The  experl- 


menul  results  of  the  Investigation  of  the  systems  lnj(S04)j— H|S04“Hj0  and  ln|(S0^j“|[KH4)*SO4“HjO  by  the  method 
of  electroconductivity  and  cryoscopy  are  given  below. 


Anhydrous  Indium  sulfate.  lr.t(S04)4.  was  obuined  by  the  heating  of  its  salt  InsfSQ^)!  >  f^S04  *  71^0  which 
was  obuLned  by  the  solution  of  chemically  pure  Ir-tO)  in  an  excess  of  sulfu'lc  acid,  according  to  Enssllc's  data  (2]. 
The  solution  obuined  was  evaporated  on  the  water  bath  until  the  formation  of  the  salt  which  was  filtered  on  a  por> 
celam  funnel. 

Then  the  salt  ln2(S04))  •  H(S04  •  7H|0  in  the  porcelain  dlah  wes  dehydrated  In  a  muffle  furnace  by  raising 
the  tempeutute  gradually  to  230-25C*  until  the  complete  removal  of  SO,  vapors,  and  then  was  Kept  at  this  tempera¬ 
ture  for  some  time  With  such  a  method  for  the  dehydration  of  the  salt  and  the  removal  of  sulfuric  acid  (complexly 
bound),  a  cloud  of  vapors  of  SO,  is  created  over  the  dish  of  the  indium  sulfate  in  the  mnffle  furnace,  which  prevents 
the  formatio".  of  basic  salts  during  the  dehydration. 


The  anhydrous  salt.ln,(S04),  obtained  in  this  manner,  had  theform  of  a  white  powder  Aislytical  results: 
In -44  00^.  504  -  56.05^:  calculated  for  ln,iS04),.  In -44.33^.  S04-55.67<?b. 

The  rest  of  the  preparations  were  C.  P..  or  correspondingly  purified. 


The  measurement  of  the  electroconducuvity.  and  the  graphic  repiesentatloa  of  the  results  were  effected  ac- 
cmimg  to  Ostromyslensky's  and  Dzhob's  method. 

The  application  of  electroconductivliy  as  a  method  of  physico-cKemica^  analysis  according  to  O^tromyslensky- 
Dzhob  was  flra  used  by  L  A.  Sheka  and  A.  L  Goldirtov  for  the  Lnvestigstion  of  the  system  (NH^jS04-'MnS04— Up  (9); 
then  this  method  was  used  and  developed  in  oihe?  investigations  of  the  Institute  of  General  a>l  Inorgaoic  Chemistry 
of  the  Academy  of  Sclencdof  the  Uki.  SSR.  The  usual  technique  for  the  measiiremeni  of  tt»c  elecnoconductivlty 
was  used  (with  a  vacuum  tube  signal  generator).  The  temperature  was  Kepi  within  the  Lur.lis  of  variation  of  ♦  0.05* 
by  means  of  a  themosut.  *“ 


•  The  calculation  of  the  additive  clectrocoDduciivity  was  made  according  to  the  rule  of  combination. 


1.  Table  1  gives  tiie  results  of  the  mcasureiDent  of  the  spe¬ 
cific  conductivity  of  the  5rs^em_^S04>,-H,S04-H,0  at  tempera¬ 
tures  of  0,20,  30  and  40*  and  a  toul  concentration  of  0.1  mola] 

Fig-  1  gives  the  deviation  of  the  specific  electroconductivuy 
from  additivity. 

Fig  2  gives  the  specific  clectroconductivity  and  devia* 
non  from  additivity  of  the  system  ln,(S04),-H,S04-1^0  at  40* 
and  a  total  concentration  of  0.05  nrola] 

The  magnitude  of  the  deviation  of  tfie  specific  electro¬ 
conductivity  from  additivity  (Ax)  was  found  by  the  subtraction  of 
the  found  values  of  the  specific  elcctroconductivity  from  the  cal¬ 
culated. 

From  the  results  in  Table  1  and  Figs.  i  and  2.  it  is  found 
that  the  specific  electromnductivity  of  the  system  lOifSO,),- 
HjSO^-HjO  increases  with  the  increase  of  the  total  concentration 
(0.05-0.1  molar)  of  the  system.  The  deviauon  from  additivity, 
the  maximum  of  which  corresponds  to  equimolecular  ratio  of 
frifSO^),  and  H^SO^  for  a  0.1  molar  solution,  has  a  greater  value 
than  for  O.OS  molar  solutions.  \t  temperatures  from  0-40*. 
the  devution  from  additivity  increases  whh  the  temperature 
and  the  total  concentration  of  the  solution.  On  the  basis  of  me 
above  electroconductivity  measurements,  it  can  be  concluded 
that  a  compound  of  the  composition.  Ltj(S04}|  •  H1SO4  exists 
in  the  solution  at  the  temperatures  and  concentrations  invest!* 
gated.  A  cryoscoplc  Investigation  of  the  sy’stem  lnj(S04)j“ 
HjSO^-HjOvras  conducted  by  a  method  reported  in  a  paper  by 
Ya.  A.  FUlkov  and  L  D.  Muzyka  [10] 

To  5  ml  of  an  0.1  molar  solution  of  sulfuric  acid  were 
added  increasingly  greater,  by  weight,  samples  of  ln|(S04)4,  and 
each  time  the  depression  was  measu.'ed;  the  depression  of  the 
initial  solution  of  sulfuric  acid  was  aibitiarily  taken  a«  zero. 

The  results  of  the  measurements  are  given  oc  Fig.  3. 

As  is  apparent  from  Fig.  3,  there  is  an  inflection  on 
the  change  of  depression  curve  in  tf»c  region  of  an  equimoleculat 
tatio  of  ln,(SQ4)|  and  H1SO4  Late:  the  path  of  the  curve  is  deter¬ 
mined  by  a  linear  relationship  with  the  concentration  of  indium 
sulfate.  The  results  of  the  cryoscopit  measurement  confirmed, 
therefore,  the  previously  drawn  conclusion,  on  the  basis  of  the 
measurement  of  the  eleciroconductivity,  of  the  formation  of 
the  compound  In /S04)| *112504,  in  the  solution. 

2  The  system  In|(S04)3-(’^H4)tS0^-Ht0  A  physico-chemical 
of  electrocondi-.ctlvity  in  the  temperature  interva.  of  20-40*. 


Fig.  2.  Specific  conductivity  and  deviation 
from  additivity  of  the  system 
In2(S04)j-H,S04“HxP  **  ^0*  con- 

cenuation  of  0.05  molar. 


Fig.  3.  Cryoscopy  of  the  system 
ln,(S04),-H,S04“H,0. 

analysis  of  this  sytem  was  made  by  the  method 


The  results  of  the  Investigation  ate  given  In  Table  2  and  Fig.  4. 

The  results  in  Table  2  aial  Fig.  4  indicate  that  a  compound  of  the  equimolar  composition  In,(S04)2-  (NK4),S04 
exists  In  the  system  indium  sulfate -ammonium  sulfate-water  (as  In  the  solid  phase);  where,  as  in  the  system 
In|(S04)j-f^S04-H|0,  the  value  of  the  devution  from  additivity  Increases  with  the  temperature. 

For  the  soluUon  of  the  problem  of  the  srnicTure  of  the  complex  compound  In*(S04)2  •  H1SO4  ar'f  the  nature  of 
the  ions  In  the  solution,  experiments  were  set  up  on  the  transport  of  ions  in  solutions  of  L''|(S04)2  (1),  as  well  as 
t>a(S04)4  1%S04  (2). 

0.5  molar  solutions  were  investigated .  The  elcctnalyzer  consisted  of  three  sections,  the  cathodic,  the  anodic, 
and  the  intermediate.  Platinun*  electrodes  were  used  The  feed  bath  was  a  direct  current  from  the  panel  of  a  storage 


to  W  so  Vi/  S^  ^  io  ^  SO  iOff 
mole 

Fig.  4.  Specific  ekctroconductivity  and 
deviaiion  from  additivity  of  system 
tn*(S04),-(NH4),S04-H,0. 

1)  20*;  2)  30*.  and  3)  40*  and  total  concen¬ 
tration  of  0.1  molarity. 


battery.  Current  strcngtl;  1C -30  .-A.  Duration  of  the  experi¬ 
ments.  3-24  hours.  The  quantitative  determination  of  Indium 
was  effected  gravimetrically  (as  In^Oi). 

It  Cas  esubllshcd  that  the  uaruport  number  of  indium 
to  the  ca»JK>de.  upon  going  from  electrolyte  1  to  electrolyte  2. 
decreases  by  more  than  2  Umes,  from  0.16  to  0.06.  In  order 
to  cxidain  these  facts  it  can  be  supposed  that  solutions  of  indium 
sulfate  have  a  complex  structure;  complex  ions  are  present  in 
these  solutions  in  which,  evidently.  Indium  also  enters  into 
the  composition  of  the  amons. 

The  introduction  of  sulfuric  acid  Into  the  system 
^’*($04),“  up  favors  the  stabilization  of  these  complex 
anio.ns,  and  shifts  the  equUlorium  in  the  direction  of  their 
formation,  because  of  which,  the  transport  number  of  indium 
to  the  cathode  decreases  sharply  almost  to  zero. 

Therefore,  theic  Is  a  basis  for  proposing  that  the 
complex  anion  of  tlie  composition  Is  formed  in  the 

system  ln|(S04)|-H|S04“H|0. 

In  conclusion,  the  author  wishes  to  express  profound 
gratitude  to  Prof.  Ya.  A.  Fialkov  for  many  valuable  suggestions 
during,  this  invesugation. 

SUMMARY 

1.  A  physico-chemical  analysis  of  the  system 
In|(S04)|— HjS04~  H|0  was  effected  by  the  method  of  eicctro- 
conductivity  and  cryscopy.  and  the  system  Inj(S04)|“(NH4)jS04-" 
— H|0,  by  the  method  of  electroconductivUy. 

2.  It  was  shown  that  a  maximum  value  for  deviation 
from  additivity  is  found  on  the  electroconductivity  isotherm, 
which  corresponds  to  an  equimolar  ratio  of  the  components. 

The  deviation  of  the  electroconductivity  from  the 
additive  value  in  these  systems  increases  with  the  temperature, 
(in  the  tempeiatute  inlet val  studied)  as  well  as  with  the 
concenuation  of  the  starting  solutions. 


3.  By  conducting,  in  this  manner,  an  investigation 

within  a  wide  temperature  interval,  the  optimum  temperature  conditions  for  the  formation  and  exijtence  of 
complex  compounds  in  solution  could  be  established. 

4.  On  the  basis  of  the  investigation  conducted,  it  is  possible  to  conclude  that  a  compound  In{(S04)|'  H1SO4 
existed  in  solution  in  the  system  indium  sulfate-sulfuric  acid-water,  and  (NK4),S04  ln,(S04),  in  the  system  indium 
sulfate,  ammonium  sulfate-water,  solvated,  apparently,  by  a  determined  amount  of  water  molecules. 
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CRYOSCOPT  OF  THE  SYSTEM  ALUMINUM  CHLORIDE-ACETAMIDE-NITROBENZENE 
B.  y*.  Ribinovich  And  A.  G.  Ponotnnrenko 


Aluminum  hnlides  posse&s  the  propeny  to  form  a  complex  compounds  with  Almost  aU  clAsses  of  orgAnic 
InorgAnic  compounds.  Complex  compounds  of  aluminum  halides  and  acetamide  are  not  reported  m  the  literature. 
Meanwhile  it  seemed  of  Interest  to  study  the  role  of  acetamide  as  an  addend  in  complex  formation  reactions. 

The  character  of  bond  of  acetamide  with  the  complex  former  remains  unknown.  A.  Werner  [1]  considers  that 
the  bond  is  possible  because  of  oxygen  In  the  carbonyl  group.  B.  N.  Menshutkin  [21,  investigating  acetamide  conf 
plexes  magnesium  bromide  and  iodide  [3],  considered  that  the  reiarive  stability  of  acetamide  complexes  was 
favored  by  the  presence  of  the  amido  group.  L  1.  ChernyaevAT>d  L.  A.  Nazarov  [5]  showed  that  acetamide  formed 
compounds  of  the  inner  .x>mplex  type  with  salts  ot  bivalent  platinum  salts  with  a  valeiice  bond  resulting  from  the 
hydrogen  of  the  amide  group. 

Fhysico-chemical  investigations  of  sy’stems  conialning  acetamide  and  nitrobenzene  were  conducted  by  M.S. 
Ashkiiuzl  [61  as  well  as  by  Ya.  A.  Flalkov  and  L  D.  K'uzyka  [7]  who  stowed  that  aceumide  in  nitrobenzene  forms 
a  compound  CHjCONl^*  with  bromine  [61  and  CH|CONI^*ICl  with  iodine  chloride  ^1 

The  ternary  system  aluminum  chloride- acetamide-nitrobenzene  was  studied  by  the  method  of  cryoscopy. 

As  V.  V.  Udovenko  [3]  and  Ya.  A.  Flalkov  and  L  D.  Kluzyka  [9]  stowed,  cryoscopy  is  an  effective  method  for  the 
physicoxhemlcal  analysis  of  liquid  systems. 

EXPERIMENTAL 

Ccmmerclal  anhydrous  aluminum  chloride  was  sublimed  and  was  stoied  in  sealed  test  tubes.  Nitrobenzene 
was  allowed  to  stand  for  several  days  with  a  small  amount  of  bromine,  washed  with  sodium  carbonate  solution  and 
water,  dried  over  fused  calcium  chlotide,  and  distilled.  The  fraction  boiling  over  a  one  degree  range  was  collected 
In  the  receiving  tube  which  was  rapidly  sealed.  The  acetamide  was  recrystallized  from  alcohol,  dried  at  50“60*» 
and  was  stored  in  sealed  test  tubes. 

The  freezing  point  was  deteinrined  in  a  Beckmann  appar  at  is  equipped  with  a  magnetic  stirrer.  Two  series  of 
experiments  were  conducted,  with  concentrations  of  aluminum  chloride  In  nitrobenzene  of  0.1  to  0.216 moles  of 
AlCl)  per  1000  g  of  nisobenzene.  Because  of  the  hygwscopicity  of  the  solutions,  the  addition  of  acetamide  was 
none  each  time  with  new  poidons  of  a  nitrobenzene  solution  of  aluminum  chloride.  Acetamide  is  not  readily  soluble 
lit  nitrobenzene  but  in  solutions  of  aluminum  chloride,  die  solubility  of  acetamide  increases  In  proportion  to 

the  concenttation  of  aluminum  chloride  in  the  solution.  The  concentration  of  acetamide  was  increased  up 

to  a  molar  ratio  of  CHgQONHi:  AlClj  <  L2:  L. 


The  results  of  the  measurements  are  given  In  Tables  1  and  2. 
TABLE  1 

0.1  Moles  of  AlClj  per  1000  g  of  Nitrobenzene  (1.31^) 


CHtCO.NH. 

Freezing  point 

At  from  that 

CHjCONH, 

Freezing  point 

At  bom  that 

Aia, 

according  to 

of  nitrobenzene 

AlCl, 

according  to 

of  nitrobenzene 

(In  moles) 

Beckmann 

(in  moles) 

Beckmann 

Nitrobenzene 

3.935* 

0* 

0.808 

3.368* 

0.56r 

0 

3.404 

0.531 

0.902 

3.415 

0.520 

0.194 

3.400 

0.535 

0.938 

3.415 

0.520 

0.400 

3.409 

0.526 

1.000 

3.457 

0.478 

0.501 

3.394 

0.541 

1.151 

3.508 

0.427 

0.624 

3.380 

0.555 

1.203 

3.519 

0.416 

961 


TABLE  2 

0.216  Xtoles  cf  An,i,  per  1000  g  of  .'Cltrobf  nxrne  (2.8  •%) 


Cli-CONH, 

Aia, 

(in  moles) 

•  Freezing  point 

1  according  to 

1  Beckman 

At  front  that 
of  nuxobenzene 

•  At  calculated 

j 

Nitrc^roene 

!  3.023* 

0* 

0* 

0 

1.617 

1.406 

1.406 

0.204 

1.615 

1.408 

1.652 

0.402 

1.555 

1.468 

1.893 

0.500 

1.557 

1.466 

2.0U 

0.599 

1.542 

1.481 

2.128 

0.800 

1.539 

1.484 

2.374 

0.899 

1.631 

1.392 

2.493 

1.002 

1.660 

1.363 

2.616 

1.118 

1.772 

1.251 

2.756 

Tbefe  results  are  shown  gr*^:lcally 
on  the  Figure.  The  cxaiccEtration  of  aceumide 
(in  moles)  per  nx)le  of  Aldj  is  laid  off  on  tfie 
abscisras.  and  the  depression  in  temperature,  on 
the  ordinates.  The  depression  of  solutiocs  of 
acetamide  in  lutrobcnzene  were  also  determined. 
The  results  of  the  measaiemeno  are  given  in 
Table  3. 

The  molar  depressioa  in  the  freezing 
point  K  was  calculated  by  the  formula 

K  -  ~  ,  where  n  is  the  molarity  of  ibe  solu- 
n 

fjon.  The  cryostopt  ronstam  of  nitrobenzene 
u  6.9^  [101  The»efo»e,  acerairide  Is  somewhat 
assoc  lared  in  nitrobenzene.  a.nd  the  degree  of 
6.9 


assocution  a  • 


5.6 


1.2. 


DISCUSSION  OF  RESULTS 

As  U  is  apparent  from  the  Figure,  the  depresilon  increases  very  Imignifuantly  at  fkst  with  the  addition  of 
acetamide  to  uie  nitrobenzene  solution  of  aluminum  chloride,  and  upon  accpiiring  a  coocengarioo  of  acetaneide 
equal  to  0.8  moles  pei  mole  of  AlCl^  the  depression  decreases. 

The  Insignificant  rise  in  the  depresilon  in  the  region  of  small  concentrations  of  aceamide,  which  b  more 
noticeable  fur  more  concentrated  solutions  of  slumlnum  chloride.  Is  apparently  due  to  die  hydrolysis  of  the  solution, 
which  could  not  be  avoided  in  spite  of  the  precautions  taken. 

The  depression  was  calculated  assuming  that  a  reaction  did  not  (x:cur  between  the  alumimm  chloride  and 
aceumlde.  The  results  of  the  calculations  are  given  in  Table  2  column  4  (AtcalcJ*  these  results,  iz  follows 

that  the  increase  in  the  deptesssos 


TABLE  a 

Tlie  Depression  of  Solutions  ot  Acetamide  in  Nlaobenzene 


caused  by  the  acetone  in  the  solution 
with  a  concentration  of  0.2  nxiles  of 
acetamide  per  nx>le  of  AlClj  must 
be  0.246*:  actually  it  was  0.002*. 
which  is  found  with  the  limiuof 
expe^iinental  erttx. 

For  solutions  with  a  coocem* 
tration  of  acrtarrlde  of  0.8  izides 
per  mole  of  AJCl^  the  calculated 
Increase  in  the  depresaioa  is  0.S68*, 

actually  it  was  0.078*.  Therefore,  the  de^K'essloit  of  the  solutions  up  to  a  concentration  of  acetairide  ecpial  to 
0.8,  can  be  considered  practically  constant.  The  acetamide  added  lo  the  solution  cf  aluminum  chloride  combines 
chemically,  which  is  also  shown  by  the  irKteaie  of  the  solubility  of  aceumlde  In  uitrobenzene  solutions  of  aiumlnum 
chloride. 


Nitrobenzene 

1  Aceumlde 
(In  g) 

!  Klolality  of 
j  the  solution 

At 

Molar  depression 
In  freezing  polm 

65.286 

f.319 

I  0.083 

0.446* 

5.4* 

3a004 

0.124 

;  0.054 

0.316 

5.8 

«  1 

Average 

5.6 

At  molar  concentrations  of  aceumlde  of  0.8  moles  per  mole  of  AlClj  the  depression  startr  io  decrease;.  The 
path  of  the  curve,  of  the  relation  between  At  -  compoiltlon  shows  that  aluminum  chloride  fornrs  a  complex  with 
of  the  composition  1:1.  According  to  B.  L  Menshutkln’s  [11]  data,  aluminum  chloride  forms  two  com~ 
pounds  with  nitrobenzene:  AlClj*  2CfH|NO^  and  AlClf  *  CjH^NC^.  The  shift  of  the  maximum  on  the  At-composi** 
tion  curve  is  related  with  the  lUte  of  equilibrium  between  ninobenzene  and  acetamide  complexes  of  alcminusD 
chloride,  and  possibly,  witii  the  formation  of  a  tenury  complex  containing  nltxibenzene  and  acetarride.  The 
in  depression  Is  due  lo  the  assoclaUon  of  the  acetamide  complex,  and  apparently,  to  the  suitultaneo«n 
occunence  of  the  decrease  of  the  electrolytic  diswv  Ution  of  the  complex.  The  calc  ulated  molecular  weight  ot 
the  aceuri’ide  complex  with  nitrobenzene  for  0. 1*0.2  molal  solutions  has  an  average  value  d  244.  Acc.ordtng  to 
the  formula  AJClj*CH/^ON}^  it  Is  192.  The  degree  of  association  is  1,27. 
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According  to  the  views  o.  N.  N.  Lebedev  [121  com.  lex  compounds  of  aluminum  chloride  widi  organic 
substances  exists  in  the  form  of  ion  pairs  which  snows  a  double  molecular  weight  in  concentrated  solution. 

In  dilute  solutions,  the  dimer  dissociates  into  ions  according  to  the  scheme; 

Al,Cl4-2CH,CON>^::^  [A1C1,-2CH,C0NH,]^  ♦iAici4r. 

The  association  of  the  complex  must,  therefore,  be 
related  to  die  degree  of  electrolytic  dissociation. 

This  can  be  confirmed  by  the  study  of  the  electro¬ 
conductivity  of  the  system. 

SUMMARY 

1.  The  depression  in  freezing  point  of  0.1  and 
0.2  molal  solutions  of  aluminum  chloride  in  nitrobenzene 
acetamide  at  a  concentration  of  0  to  1.2  moles  of  acet¬ 
amide  per  mole  of  AlCl,  was  investigated.  The  At-  con¬ 
centration  of  acetamide  diagram  was  constructed  from 
these  results. 

2.  The  depression  remaiiu  practically  coiuunt 
up  to  a  concenuation  of  the  acetamide  of  0.8  mole 
per  mule  of  AlCl}  during  the  addition  of  acetamide 
to  a  nitrobenzene  solution  of  aluminum  chloride,  then 
the  depression  decreases. 

3.  The  decrease  of  the  depression  is  caused  by 
tlie  association  of  the  complex  of  composition  1:1 
formed  in  the  solution.  The  rrtolecular  weight  of  the 
acetamide  complex  is  244.  The  degree  of  association 
is  1.27. 
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963 


CRYSTALLIZATION  OF  THREE-COMPONENT  SYSTEMS  WITH 
IMMISCIBLE  LIQUID  PHASES 

F.  S.  MenshchikoT 


The  cjucstiOD  of  the  chdr&cter  of  the  distribution  of  the  conoids  in  the  region  of  immlscibility  is  of 
principal  importance  from  the  point  of  view  of  showing  the  distribution  of  the  components  into  the  conjugate  liquid 
phases,  as  well  as  from  the  general  theory  of  crystallization  of  monoteetks.  The  material  available  in  die  literature 
on  the  determination  of  compositions  of  two  conjugate  liquid  phases  over  wide  intervals  is  extremely  small,  and  is 
related  mainly,  to  ternary  systems  with  disruption  in  the  solubility  of  one  of  the  bmary  systems. 

D.  N.  Tarasenkov,  in  a  scries  of  publications  [11  first  paid  attention  to  the  character  of  the  form  of  the 
conoids  and  came  to  the  conclusion  that,  in  ternary  systems  having  a  disruption  of  solubility  of  the  components  only 
in  one  binary  system,  the  continuation  lines  of  all  conoids  intersect  at  one  point  lying  on  the  continuation  of  one  of 
the  sides  of  the  concentration  triangle.  In  the  case  of  such  systems  where  there  is  a  single  region  of  immlscibility 
for  two  binary  systems,  the  continuation  lines  of  all  conoids  intersect  at  one  of  the  apexes  of  the  concentration 
trlarigle  (Fig.l),  Up  to  now,  D.  N.  Tarasenkov's  conclusions  have  not  been  discussed  in  the  literature  even  though 
they  are  of  probable  practical  and  theoretical  interest. 


4^  hS  A  8  A  ^  B 


Fig.  1.  Scheme  for  the  distribution  of  conoids  in  tne  Fig.  2.  Method  of  determining  irregularity  of 

region  of  immiscibility  according  to  D.  N,  Tarasenkov's  the  conoids  k)  Critical  point  of  immlscibility: 

hypothesis,  k)  Critical  point  of  immiscibility:  L|  and  L^  and  L(,  fim  and  second  layers. 

Lf )  first  and  second  liquid  Hyers. 

The  author  of  this  communication  does  riOt  share  D.  N.  Tarasenkov's  view.  It  is  clearly  apparent  from  the 
material  given  in  his  papers  that  the  abscissa  of  the  intersection  points  of  the  continuation  lines  of  the  conoids 
have  ’’srious  values.  Although  the  author  conectly  recognizes  that  there  were  large  cxperimenul  errors  for  the 
calculation  of  the  abscissa  of  the  intersection  of  the  continuation  lines  of  the  conoids,  the  experimental  material 
given  by  him  does  allow  that  the  conclusion  made  be  considered  completely  proved  In  addition,  D.  N.  Tarasenkov's 
conclusions  place  defined  limits  on  certain  systems  during  crystallization.  Tliese  limits  ar^  not  explamed  by  any 
theoretical  principles  and  are  opposed  to  the  experimental  material  obtained  by  the  authjts. 

The  binary  homogenous  system  in  which  the  immlscibility  does  not  occur  ,  was  called  by  R.  V.  Mertslin 
the  prevailing  [21  since  the  reaction  of  components  of  the  system  frequently  dese*^  mines  the  character  of  ^ 
phenomena  occuiring  In  the  given  ternary  system  (Systems  A-B.  Fig  2a).  The  second  homogenous  system  in  which 
the  critical  point  is  shifted  onto  separate  Isotherms,  is  called  the  supplementary  (Systems  A-C,  Fig  2a). 

The  character  of  the  distribution  of  the  conoids  la  the  region  of  immisc  ibility  is  always  such  that  they  form 
clusters  of  straight  lines  radiating  like  a  fan  in  the  direction  of  the  pievalent  system.  If,  from  the  apex  of  the  con¬ 
centration  triangle  signifying  the  third  component  (not  entering  into  the  binary  prevalent  system),  a  series  of  rays 
are  constructed  going  up  to  the  region  of  immiscibility,  then,  gcnetally  speaking  the  conoids  can  be  found  in 
various  positions  relative  to  these  rays.  Some  conoids  will  diveige  to  the  right  of  these  rayv,  others  to  the  left.  Be¬ 
cause  of  tlJs.  conoids  of  the  right  direction  and  those  of  the  left  arc  differentiated.  If  the  conoids  coincide 
accurately  with  the  direction  of  the  rays,  then  the  direction  is  zero  (Fig  2b). 


R,  V.  KtertilU'  proposed  tiiat  "ia  the  presence  of  a  single  region  of  immiscibility  the  direction  of  the  conoids 
%rill  also  be  single  formed,  and  at  the  same  time  if  the  subprevailing  system  occupies  the  right  side  of  the  composi' 
tion  triangle,  then  the  direction  of  the  conoids  will  be  left,  as  well  as  the  converse  of  tiie  above"  PI  b  roust  be 
mentioned  that  McrtslJn's  rule  for  systems  in  which  immiscibility  arises  in  two  binary  systems  almost  completely 
does  not  ag^rce  with  Tarasenkov’s  role,  and  therefore  does  ”ot  include  those  liroitatioas  in  the  behavior  of  systems 
during  crystallization,  which  was  previously  discussed  above. 

The  author's  Investigation  had  the  following  aims  1)  to  determine  which  of  the  two  rules  are  correct  for 
conoid:  of  a  two  g^aic  liquid  state  in  ternary  sy’stems;  2)  to  determine  whetiier  R  V.  klertslin's  or  D.  N.  Tarasenkov's 
rule  applies  to  limited  conoids.  i.e.,  to  the  isoiheimal  lunes  of  tiie  primary  crystallization  from  a  two  phase  liquid 
state. 

A  solution  of  this  problem  will  make  it  possible  to  go  into  a  theoretical  examination  of  the  behavior  of 
certain  systems  during  crysullization.  For  this  investigaiion,  such  systems  were  chosen  in  which  reactions  between 
the  components  did  not  lead  to  the  formation  of  chemical  compounds  and  solid  solutions.  Only  three  systems  were 
studied;  epichlorohydrin-toluene-w«tet.  phenol-naphthalene-watet.  and  phenol  watei -benzoic  acid.  A  single  region 
cf  immiscibility  common  for  the  two  binary  systems  existed.  The  method  of  sectioning  was  used  for  the  investigation 
of  the  distribution  of  conoids.  The  rcfractise  index  of  one  of  the  liquids  arid  the  crystallization  point  of  one  of  the 
components  were  used  as  tiie  properties  to  measure. 

The  subsunres  used  for  these  systems  had  the  following  characteristics:  pure  benzoic  acid  with  m.p.  121.8"; 
phenol,  redistilled  at  181-181.5*  and  having  an  m.p.  41.8":  naphthalene,  twice  pu.rified  by  sublimation,  with  m.p. 
60.1".  Pure  preparations  of  epichloxohydrin  and  toluene  were  not  subjected  to  further  purification. 

System  EnlcMorohydiin-Toluene-Water.  An  Abbe  refractometei  was  used  for  the  investigation  of  this  system. 
The  procedure  ol  the  Investigation  consisted  of  the  measurement  of  the  refractive  index  of  the  epichlorohydrrn-toluene 
layer,  and  the  construction  of  a  series  o*  conedes  passing  through  concentration  points  corresponding  lo  compo^tion 
points  of  equal  refractive  index.  For  this  purpose,  4  sections,  characterized  by  the  following  amounts  of  toluene  (in 
in  the  iritial  binary  mixture  with  epichlcrohydrin  were  chosen: 87.28,  55.33,  31.80,  6.94. 

A  series  of  ternary  mixtures  with  differing  amounts  of  water  was  synthesized  based  upon  these  binary  (homo¬ 
genous)  mixtures.  Tlie  ternary  mixtures  were  thoroughly  shaken  for  15  minutes  and  then  placed  in  a  thernnostat  for 
24  bouts  at  25*.  The  results  obtained  are  given  in  Fig.  3.  The  character  of  the  cuf^ves  obtained  showed  rather  con¬ 
clusively  that  the  above  rule  of  D.  N.  Tarasenkov  was  untrue.  Actually,  if  the  conoid  continuations  intersected  at 
an  apex  of  the  concentiatlon  triangle  (in  this  case  at  the  apex  corresponding  to  water —Fig.  4),  then  a  gradual  increase 


F^.  3.  Change  In  refractive  index  of 
the  epichlorohydrin-tolucne  liquid 
phase  in  relation  to  the  concentration 
of  water  in  the  ternary  mixture. 


Of 


Fig.  4.  Schematic  diagram  of 
the  system  eplchlorohydrin- 
toluene-water  showing  tiie 
charac  ter  of  the  change  in 
composition  of  one  of  the 
liquid  phases  in  the  section  Wn. 


Fig.  5  Curve  of  the  tcu:pcrai;ircs 
of  begin:nng  of  formation  of  naphtha- 
leiie  crystak. 


in  the  total  concentration  of  water  in  the  ternary  system  should  not  be  reflected  in  tlie  quantitative  ratio  of  the 
components  in  the  conjugate  liquid  phases,  and  the  refractive  index  must  remain  unchanged.  The  observed  change 
in  refractive  index  indicated  t!iat  the  conoids  do  not  have  a  zero  ditectioni  for  this  reason  any  of  the  sections 


cbosen  intersect  a  series  of  conoids,  m  onler  to  determine  the  charictex  oi  the  distribution  of  conoids  the  chosen 
sections  were  placed  on  the  concentration  Uiangle,  and  the  concentration  correspond  ing  to  equal  refracUve  lixlex 
values  were  found  on  these  lines.  A  series  of  snaight  lines  coinciding  with  the  conoid  directions  were  fouial  by 
connecting  the  concentration  points.  In  all,  five  of  such  lines  were  constructed  conoids  corresponding  to  the 
following  refractive  indices.  1.4770;  1.4745;  1.4635;  1.450G;  1.4445.  Continuing  drese  lines  until  intersection 
with  the  toluene^ater  side  of  tha;  conceiitration  triangle,  abscissas  with  the  following  values  were  obtained  graphically, 
““19.0;  ““15.4;  ““3.8.  ”2,9.  *“2,6.  The  value  of  the  abscissas  corresponded  to  conoids  distributed  In  order  of  removal 
fn>m  the  binary  system  tolueiie“watex. 

let  us  DOW  exatiilne  to  what  extent  the  general  charact&  of  the  distribution  of  the  conoids  formed  corresponded 
to  the  observed  changes  of  die  refractive  Index.  In  order  to  show  diis  more  clearly,  die  diagram  of  the  system  studied 
is  shown  schematically  on  Fig.  4,  In  which  E,  T,  and  W  Indicate  epichlorohydrin,  toluene,  and  wate~  respectively.  The 
scheme  shows  the  region  of  Immisclbility  with  a  series  of  conoids  die  distribution  of  which  qualitatively  coincides 
with  those  found.  With  such  a  distribution  of  conoids  .the  sec  tion  line  W-u  inrerseca  at  the  beginning  of  the  conoid 
in  which  the  composition  of  the  epichlorohydrin-toluene  liquid  pl^tase  corresponds  to  point  a*.  It  is  further  apparent 
from  the  diagram  that  the  composition  of  this  liquid  phase  will  change  correspondingly  to  points  a^  a^,  and  a^,  res“ 
pectlvcly.  The  closer  die  section  line  W“n  approaches  the  apex  W,  the  nwre  sharply  the  composition  of  the  liquid 
phase  will  change:  the  relative  amount  of  toluene  In  it  increases,  arvl  the  amount  of  epichlorohydrui  and  water 
decreases.  This  conclusion  agrees  fully  with  the  fact  that  the  solubility  of  epichlorohydrin  is  considerably  greater  in 
water.  For  this  reason,  a  greater  amount  of  epichlorohydrin  roust  go  Into  the  water  layer  with  the  increase  of  the 
perc  ent  water  in  the  whole  ternary  system,  increasing,  in  this  manner,  the  relative  amount  of  toluene  in  the  epic hloro- 
hydrin  toluene  layer.  !f,  finally,  it  is  kept  in  mind  that  all  of  the  components  used,  toluene  possesses  the  greatest 
refractive  index,  then  it  becomes  very  clear  that  the  character  of  die  change  in  refractive  index  with  the  percent 
water  content  curves  obtained  (Fig.  3)  agrees  completely  with  that  of  the  distribution  of  conoids  found  in  the  region 
of  immiscibUJiy. 

Based  on  the  fact  that  the  mutual  solubility  of  epichlorohydrin  in  water  is  greater  than  in  toluene  and  water, 
the  binary  system  eplchlorohydrln^water  can  be  comidered  as  the  sub {xe vailing.  Assuming  the  binary  systems  to  be 
In  such  positions  as  are  »hown  on  Fig.  4,  it  can  easily  be  considered  that  the  character  of  the  distributioa  of  conoids 
^ound  In  the  region  of  immisclbility  u  in  complete  accord  with  R.  V.  Mertslln's  rule. 

It  roust  be  mentioned  that,  even  though  the  term  ‘right  direction”,  or  "left  direction*  Is  purely  conditional, 
the  fact  of  the  deviation  of  conoids  from  the  zero  direction  is  Itself  very  important. 

System  Phenol— Naphthalene— Water.  Timmermans  pi  Bautaric  and  Naboi  [4]  partially  Investigated  dilt 
system,  but.  since  the  results  of  these  autl<ors  were  obuined  by  scattered  experiments,  a  more  complete  Investigation 
had  to  be  undertaken.  According  to  literature  data  and  the  results  of  the  measurements  taken  by  the  autbe^s,  the 
binary  systems  entering  into  the  given  ternary  systems  having  the  following  characteristics: 

1)  System  phenol-'waier  p]  has  a  region  of  interruption  of  mlubility  wlA  an  upper  critical  pouit  cor«sponding 
to  65.8*  the  three  phased  monotectlc  point  is  equal  to  1. 6*.  the  eutectic  composition  oonesponds  to  a  mixture 
containing  of  phenol,  and  the  eutectic  point  Is  equal  to~1.3*. 

2}  In  the  system  naphthalene* water,  die  mutual  solubility  In  die  studied  tempetatiue  Interval  is  so  small  that 
it  Is  practically  Impossible  to  esublish  the  composition  and  eutectic  point.  The  upper  critical  temperature  of  the 
region  of  IromlsclblUty  was  not  determined  since  it  was  sufficient  to  know  that  the  critical  point  of  thU  system  was 
a  considerably  higher  temperature  than  that  in  the  system  phenol'^ater.  Themonotectic  point  was  equal  to  78.4*. 

3)  According  to  Hatcher  and  Skinow’s  (6]  data,  the  eutectic  in  the  system  phenol-naplithalene  lies  at  29.8* 
and  conulm  84'3t  of  phenol.  In  order  to  study  the  phase  composition  of  the  system,  the  concentration  triangle  of 
the  composition  Ri-N-W  (phenol-naphtha* cne-water)  wa»  sectioned  vrttb  rays  having  their  origin  in  the  various 
concentration  points  of  the  binary  system  Ph“‘W  and  going  to  the  apex  N  of  die  triangle.  In  all,  seven  sections  were 
studied  characterized  by  phenol  conteno  (In  in  the  binary  mixture  ni-W:4.9,  10.1,  25.0,  50.0,  64.7,  75.0, 
90.4. 

A  ternary  mixture  was  synthesized  based  on  these  blrtary  mixtiires,  arul  ttic  InUial  starting  mixture  was  heated 
to  a  temperature  at  which  complete  homogenization  of  the  solution  occuned. 

Working  with  these  ternary  systems,  the  following  aims  were  sought:  a}  to  determine  the  tu'fa<.e  of  cry* 
stallizatlon  of  the  three  phased  monotectlc  in  order  to  make  possible  the  construction  of  severa’  limited  conoids: 
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Fig.  8.  Ch^tge  of  crynalllza' 
T!on  point  an  ^  verifying 
sections  1.2,  •nd  3. 


0  Id  20  30  i» 

T  .•  ,  5.  '  ‘ 

Fig.  C.  Miihermic 
inmisc  ibiUr/  curves. 


Fig,  1.  ftojecnon  of  the  polythern*  of  the  s:iuciural 
diagram  of  phciiol— water— naphthalene  'howing  the 
positions  of  the  limited  conoids  and  those  of  the 
sections  chosen  (doned  lines  1,2,  and  3). 


Section  6 


Section  3 


Conoid 

temperature 


percent  of  water  in  the  ternary  jysienj  must  be  espocied  (Fig.  3)  Actually,  tbe  section  lines  will  intersect  a 

concentration  of  water;  ihe  closer  the 

figutative  point  of  composition  approaches  the  apex  W.  the  greater  must  be  the  increase  of  the  crysullization  point  t 
the  monotec  tic  in  the  defined  concentration  interval. 

Such  a  variation  of  temperature  of  the  monotectic  curve  indicates  tbe  fact  that,  in  relation  to  the  increase  of  the 
concentration  of  water  in  the  ternary  system,  because  of  the  larae  mutual  solubUuy  of  phenol  and  water,  the  phenol- 
naphthalene  layer  will  be  more  and  more  depleted  of  phenol.  Conversely,  the  relative  concentration  of  luphthalene 
will  Lnerease  and  therefore,  the  crystallization  point  of  naj^tluleae  will  increase. 

Complete  polythermlc  diagrams  of  the  sections  studied  are  not  given  here;  only  the  relation  of  the  crystallizatioi 
point  of  the  monotectic  to  the  total  concentration  of  water  in  the  system  will  be  showiv.  On  Fig.  8  it  fs  clearly  appaic 
that  the  expected  tempciature  variation  curves  for  sections  1  and  2  are  proved.  The  lower  Curve,  co-tesporuJing  to 
section  3,  is  different  in  form,  as  well  as  in  character  of  the  monotectic  process  from  the  first  two,  but  this  differervce 
does  not  disjHovc  but  wOnfums  the  character  of  the  distribution  ofeonoids. 
that  the  Ime  of  section  3  passes  to  the  left  of  the  conoids  upon  which  the  fo: 

Therefore,  (and  this  is  confumed  by  direct  observauon)  miiially,  the  inreo- phased  monote. 


From  the  dug^ams  in  Fig.  7,  it  is  apparent 
^phased  moToteitrc  process  is  realized. 

Ic  exists  o“.  this  line  with 

phenol  crystals.  Then,  with  the  concentration  of  water  of  about  87^  tne  ser  tror.  hnc  intersects  the  conoid  of  the  foir 
phased  monotectic  (-0.65*)  and  enters  into  the  region  of  the  monotectic  with  nai*thalene  crystals. 

Although  the  positions  of  the  conoids  distributed  in  the  region  of  the  three  phased  monotectic  with  phenol  crystals 
Is,  practically,  very  difficult  to  determine,  since  the  temperature  intcnral  between  the  monotectic  in  the  system  Ri-W 
and  the  four-phased  monotectic  t  only  equal  to  2.2*,  nevertheless,  it  can  be  concluded  from  the  diagram  ol  section  3 
that  there  exists  one  diiecuon  lor  the  conoids  in  the  entire  system. 

System  Pher»ol*Water-Benzoic  Ac.id.  According  to  the  literature  data  [6,8],  the  upper  critical  temperature  of  immisci- 
bility  of  the  binary  system  ber^oic  acid-watef  is  equal  to  115,5*;  the  three  phased  mor»otectic  pomt  is  equal  to  95*.  Tlie 
eutectic  point  in  the  system  phenol-benzoic  acid  is  equal  to  31*  ana  conesponds  to  a  composltxoa  containing  82.5^;e  phenol. 

In  order  to  show  the  character  of  the  crystallization  surface  of  the  three  phased  monotectic  in  the  system  phenol-water 
benzoic  acid  (Ri-W-B)  at  20-80*,  7  sections  were  investigated.  The  lines  of  these  secuons  origmated  at  various  concentratio 
points  of  the  bmary  system  Ph-W  atxl  passed  into  the  apex  B  of  the  cur.cencano!i  triangle  Ph  W  -B.  The  phenol  content 
(in  of  the  binary  mixtuie  (Pb-W)  was  the  follow  jig:  3.95,  9.6,  15.1,  25.0,  50.0,  62.6,  75.6. 

Ternary  mixtures  with  varying  amounts  of  benzoic  acid  wc'c  syrrliesized  on  die  basis  of  these  binary  mt^tures  of 
t*h-W,  and  then  the  immiscibillty  poin»  and  the  temperature  <  *  sepa’^ation  of  tbe  fLs?  benzole  acid  crystals  from  the  rwo- 
phased  liquid  state  were  measured.  The  results  of  these  measurements  a*e  given  in  Fip.  9  and  10. 

Using  the  above  reported  method,  a  series  of  lirT;ited conoids  correspond irrg  to  temperatures:  80,  70,  60.  50.  40.  30. 
and  20*  were  cors  tnicted,  and  the  ir-tcrsccnon  points  of  the  conoids  with  the  ccnrmuation  of  the  side  W-5  of  the  concen¬ 
tration  triangle  Ph-W-P  on  the  abscissa  wj.s  calculated.  Necessary  dxji  for  this  c.alcc’«.."ioa  are  giver  ir.  Table  2. 

Here  Cy  andcy  axe  the  concentrations  of  ber,zoic  acid  used  in  sections  2  and  6  arid  and  ay  the  •-onwcntration  of  phene. 
In  these  sections. 

t  is  appa'en*  tom  Table  1  hai  theconoids  do 

T  A  B  L  E  2 

— — ■  ■  ■  1  I  ■  .  .  -  I  ■  ,  — - —  not  Lrre'ser.r  a-  the  aoex  o*'  the  -rof*  encatlon  tti- 

Conoid  ?  ...  — angle,  and  that  the  charac-er  of  the  disr.  Ibution 

temperature  cy  ay  c,  a*  X*  of  *i»e  conoidr  j  the  >«me Li  the  previously 

_ _  repo -ted  systemi. 

80  16.5  8.0  60.1  25.0  -4.01  It  nT.,5.  be  mer  iored  ihit.  above  65.8*,  the  re- 

70  11^5  8.5  49.0  31,9  —2.12  g ion  of  imm ‘A' Ibility  cioe%  not  .'eac  h  the  binary 

60  8.3  8.76  40.0  37.5  —1.36  sys.em  ft:- W  .nis  does  not  in  joduce  any  Im- 

50  6.0  9.0  32.8  43.2  —1.05  portant  vfu'ges  in  *he  chavs cter  o!  the  distributee 

40  4.4  9.17  26.0  46.15  —  0.95  o^  the  limited  conoids. 

3.0  3.31  19.0  50.63  —0.60  to  prove  tne  ^orrecmesi  of  the  distribu- 

20  2.0  9.4  14.0  53.75  -0.54  jicn  fou."d ‘o.  conoids.  2  more  sections  origina- 

Ti.'‘g  IT.  the,  sjS'jm  »’h  B  and  going  to  tbe 

apex  W  r.ne  co.icentianon  triangle  were  investi¬ 
gated.  The  ste.th'g  binary  mixture  with  benzoic 
acid  had  the  following  pficooi  co":re:.i  (ir^):  82 
and  90. 


designated  by  the  numbers  1  and  2,  show  the  positior  of  the  confL'iT.L  g  sections. 
Dwn  on  the  diagram.  whUe  the  limited  conoid  are  boorfded  by  sec»ic-ns  1-7.  Tb< 


Conoid 

Section  2 

Section  6 

temperature 
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^io  Benzoic  acid  in  the  ternary  systens 

Fig.  9.  Curve  of  the  temperature  of  the  surt  of 
crystallization  of  benzoic  acid. 


Fig  11.  Distribution  of  limited  conoids  in  the  region  of 
immiscibiliiy  and  th?  position  of  verifying  sections  1  and  2. 


monotectic  with  the  percent  water  content  in  the  ternary  mixture 
in  this  section. 


Benzoic  acid  in  the  ternary  mixture 
Fig.  10.  Polythermic  immiscibility  curves. 


*!c  water  in  the  ternary  mixture. 


Fig.  12.  Variation  of  the  crystallization  point  In 
the  verifying  sections  1  and  2. 

conoidr  corresponding  to  “1.6*,  is  the  one  upon 
which  the  four-phased  monotectic  process  exists. 

Even  from  the  diagrams  in  Fig.  11.  it  is  apparent 
that  section  1  line  interseers  by  means  of  its  continu* 
auon  from  the  side  Ph-B  to  the  apex  W,  the  conoid 
conesponding  to  20*.  and  then  a  series  of  odier  conoids 
with  higher  crystallization  points.  Therefore,  the 
curve  of  the  variation  of  crystallization  point  of  the 
must  have  a  form  anaIo<  ous  to  curves  1  and  2  on  Fig.  8 


Section  line  2  passes  initially  through  the  region  of  crystallization  of  the  monotectic  with  phenol  crystals,  and  only 
at  concentratiom  of  water  in  the  ternary  mixture  equal  to  92^.  Intersects  the  four-phased  monotectic  conoid.  The 
results  of  the  measurements  for  the  chosen  sections  given  in  Fig.  12.  confirm  the  previous  statements. 


The  fact  that  the  curve  of  the  monotectic  with  phenol  crystals  (section  2)  falls  in  tfic  direction  of  lower  tempera¬ 
tures  indicates  that,  in  this  system,  in  a  similar  manner  to  the  system  phenol-water-naphthalene,  a  single  direction  for 
the  limited  conoids  exists. 


The  relatively  small  rise  of  the  curve  in  the  direction  of  higher  temperatures  with  these  sections,  is  explained  by 
the  fact  that  the  region  of  immiscibility  is  less  developed  in  this  system  than  in  that  of  phenol-water-naphthalene. 

For  this  reason,  conoids  corresponding  to  higher  temperatures  are  intersected  sooner  by  the  biiKxial  curve  then  by  the 
section  lines. 

This  chatacter  of  dis  tribution  of  conoids,  makes  it  possible  to  theoretically  predict  the  qualitative  changes  in  con¬ 
jugate  phases  and  the  benavior  of  ceruin  systems  during  crystallizatioru  for  any  system  in  which  chemical  compounds 
or  solid  solutions  do  not  arise. 
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SUMMARY 


1.  The  theoretical  conclusions  of  ILV.  Meiislin  on  the  single  direction  of  conoids  in  the  ternary  system  with  a 
single  region  of  im miscibility  for  the  two  binary  systems  were  ]?roved  correct  for  the  systems  studied:  epichloro- 
hydrln-ioluene-water,  i^enol-naphthalexie-water.  and  phenol-water-  oenzoic  acid. 

2.  It  was  shown  that  ti>e  character  of  the  distribution  of  conoids  of  tire  two  phased  liquid  state  is  retained  np  to 
the  crystallization  point,  Le..  it  embraces  the  limited  conoids  which  are  iso  thermal  crystallization  lines  in  Ac  region 
of  immiscibility. 

3.  The  hypothesis  of  D.N.  Tarasenkov  on  Ac  joining  of  the  continuation  lines  of  the  conoids  at  one  of  Ae  apexes 
of  the  concennation  triangle  was  disproved. 

4.  The  results  obtaAed  gave  a  basis  for  the  general  qualitative  evaluation  of  structural  diagrams  and  enable  methods 

for  Ae  crystallization  of  certam  ternary  systems  to  be  determined.  'w 
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COMPLEX  COMPOUNDS  OF  NICKEL  WITH  D IMET  H  Y  LGL  YOX IME 
K.B.  Yatsimirsky  and  Z.M.  Grafova 


The  leaction  of  the  nickel  ion  with  diirethylglyoxiire  has  been  known  for  a  long  time,  but  up  to  now,  the  question 
of  the  structure  of  tlie  soluble  complex  ccxnpound  obtained  by  the  reaction  of  nickel  with  dimethylglyoxiire  in  alkaline 
medium  remains  unanswered.  Feigl  [1]  considers  that  the  soluble  complex  is  a  compound  of  dimethylglyoxime  with 
tetravalent  nickeL 

Hooreman[2]  states  that  dimethylglyoxime  gives  two  colored  complexes  with  tetravalent  rJckel,  m  one  the  ratic 
of  mckel  to  dimethylglyoxime  is  equal  to  1:2,  in  the  other,  1:4. 

Another  view  is  held  by  Babko  [3J.  He  believs  that  nickel  is  divalent  in  this  complex  and  is  combined  with  an 
unstable  product  of  the  oxidation  of  dimethylglyoxime.  The  composition  of  the  complex  corresponds  to  a  eatio  of 
nickel  to  dimethylglyoxime  equal  to  1:2,  for  a  small  excess  of  the  oxidizing  agent,  and  1:3  for  a  large  excess. 

It  was  observed  that,  upon  mixing  solutions  of  nickel  salts  with  those  of  dimethylglyoxime  in  the  presence  of 
concenttated  ammonia,  no  precipitate  is  formed,  and  the  solution  is  gradually  colored  red.  A  colored  compltxcom* 
pound  is  formed,  it  is  believed,  the  study  of  whose  properties  is  of  interest  from  a  theoretical  as  well  as  from  a 
practical  viewpoiiit. 

Thesystem  nickel  sulfate-dimethylglyoximc'aqueous  ammonia  solution  was  studied.  The  method  of  Ostromy 
slensky-Dzhob.  t.e..  the  study  of  the  mixture  of  solutions  of  nickel  sulfate  and  dimethylglyoxime  of  identical  polarity 
under  various  volume  ratios  at  a  constant  total  volume,  could  be  used  to  determine  the  composition  of  the  colored 
compound.  But  diis  method  can  only  give  a  one  sided  characteiization  of  the  system,  since  it  detects  the  existence 
of  only  one  complex  compound. 

Babko  [5]  further  developed  the  method  for  the  investigation  of  solutions  of  complex  compounds  and  offered  to 
study  more  widely  the  properties  of  a  similar  type  of  multicomponent  system.  The  system  investigated  can  be  schem¬ 
atically  described  in  the  form  of  a  triangle  (Fig.  1).  Using  Bal  ko's  method,  the  properties  of  the  system  were  studied 
by  mearu  of  sections  3-4,  and  5*6.  The  optical  density  of  tire  mixture  was  chosen  as  the  property  of  the  systern. 

EXPERIMENTAL 

0.0044  molar  solutions  of  nickel  sulfate  and  dimethylglyoxime  were  used  for  the  investigation. 

During  the  preparation  of  the  mixture,  it  was  found  that  the  reaction  forming  the  colored  complex  ptoceeds 
with  time. 

The  results  of  the  observation  are  shown  on  Fig.  2. 

During  the  first  80  hours  the  optical  density  of  the  solution  (the  thickness  of  the  absoipnoc  layer  was  5  cm)  io  - 
creased  continually,  acquired  a  maximum,  and  was  consunt  for  the  following  60  hours,  and  then  very  slowly  de¬ 
creased.  All  of  the  subsequent  observations  were  conducted  after  4-6  days  (100-120  hours). 

At  first,  mixtures  with  changing  concencation  of  nickel  sulfate  and  dimethylglyoxime  and  a  consunt  coocen- 
tiation  of  aqueous  ammonia  were  investigated  in  series  of  experiments.  Sections  of  the  type  1:2  on  Fig.  1  corres¬ 
pond  to  those.  Upon  the  preparation  of  mixtures  of  solutions  of  nickel  sulfate  and  dimethylglyoxime  of  various 
volume  ratios,  the  toul  volume  remained  constant.  The  total  molarity  of  the  nickel  pilfate  and  dimethylglyoxime 
in  the  experiments  was  equal  to  8.8  *  10  ^  M. 

Three  series  of  mixtures  were  investigated.  In  each  scries,  the  concencauon  of  airmor.ia  was  changed.  In 
the  first  series,  the  toul  molarltyof  the  ammonia  was  3.25,  in  the  second,  4.37,  and  in  the  third.  5.58.  Within 
five  days  after  the  preparation  of  the  mixture,  the  optical  density  of  the  solution  was  measured  on  a  Moskin  photo¬ 
colorimeter  with  yellow  filters.  The  variation  of  the  optical  density  with  the  tailc  of  the  volumes  of  nickel  sul¬ 
fate  and  dimethylglyoxime  Is  described  on  Fig.  3  by  three  curves.  All  of  the  curves  have  a  maximum  at  a  ratio 
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Fig.  1.  Scheme  of  the  directions  of  the  sections  Fig  2  Curve  of  the  change  m  color  of  tne  complex 

in  the  sv-stem  nickel  sulfate -dimethylglyoxime-  with  time, 

aqueous  ammonia  solution. 

of  volumes  of  nickel  sulfate  and  dimethylglyoxime,  equal  to  1.3,  which  corresponds  to  the  same  ratio  for  the  num¬ 
ber  of  molecules 

Then  a  mixture  with  a  constant  concenuation  of  nickel  sulfate  (8.8  •  10"*  moles)  and  a  changing  concenuation 
of  dimethylglyoxime  (h-om  2.64  •  KT*  to  1.3  *  10“*  moles),  was  investigate^  corresponding  to  section  3-4  on  Fig.  1. 

The  concentration  of  ammonia  m  all  of  these  experiments  was  constant  and  was^cqual  to  3.36  moles  The  varisiion 
of  the  optical  density  of  the  solution  with  the  conceni.«-ation  of  dimethylglyoxime  for  this  case  Is  shown  on  Fig.  4. 

The  s^'stem  nickel  sulfate-dimethylglyoxime -aqueous  ammonia  solution  was  also  investigated  at  section  5-6 
(Fig  1)  In  this  case,  the  concentration  of  dimethylglyoxime  was  kept  constant  (8  8  10‘*  moles),  and  the  concen¬ 

tration  of  nickel  sulfate  was  changed(from  4.4  •  10  ^  to  3.52  •  IC*  irroles).  The  concentration  of  ammonia  In  all 
experiments  was  3  36  moles.  The  results  of  the  measurement  of  the  optical  density  of  these  solutions  1$  shown  on 
Fig.  5. 

DISCUSSION  OF  RESULTS 

The  optical  data  obulncd  :he  invest ig.ation  of  the  systems  of  nickel  sulfate  <limethylglyoxlire-aqueoui 
ammonia  made  u  possible  to  make  a  suggestion  on  the  nature  of  the  colored  complex  which  lormed.  According 
to  the  auifiors,  the  compound  of  nickel  and  dimethylglyoxime  la  ammoniacal  medium,  is  the  product  of  the  teaction 
of  dimeiliylglyoxime,  bivalent  mckel.  and  the  oxygen  of  the  air  which  is  the  oxidlzLng  agent  This  is  confirmed 
by  experiments  conducted  with  solutions  prepared"  with  redistilled  water  saturated  with  nitrogen.  Such  solutions  , 
sealed  in  ampoules  remained  practically  colorless  even  on  prolonged  standing.  When  these  ampoules  were  opened 
♦he  solutioncolorcd»-apidly  and  in  certain  of  these  whe’^e  the  concentration  of  nickel  was  high,  a  precipitate  formed. 
Apparently,  the  oxygen  of  the  air  oxidizes  the  dimethylglvoxime,  and  the  latte'  reacts  with  bivalent  nickel. 

The  p.'operties  of  the  solutions  of  the  coloted  complex  compound  of  nickel  with  dimethylglyoxime  reported  is 
essentially  different  from  those  reported  by  Fcigl  [1).  since,  for  example,  by  the  oxidauon  of  the  solutions  obtained, 
neither  a  red  brown  precliHtate  not  iodine  from  potassium  iodide  solutions  was  formed. 

The  formation  of  the  colored  complex  compou^id,  as  was  stated  above,  does  not  occur  with  the  complete  absence 
of  oxygen  in  the  water  and  occurs  in  the  presence  of  even  small  amounts  of  oxygen  after  some  time,  for  this 
reason  the  above  reaction  may  be  used  to  detect  dissolved  oxygen  in  w«te!  arrd  in  aqueous  solutions. 

The  curve  in  Fig.  2  shows  the  change  of  the  optical  density  of  ♦Jie  mixtute  coruining  nickel  sulfate,  dimethyl¬ 
glyoxime,  and  ammonia  with  the  time.  The  optical  density  parses  thiough  very  flat  maxirrium  and  tfien  decreases 
which  indicates  the  simultaneous  occurence  of  at  least  2 processes  in  the  system,  the  formation  of  the  complex  com¬ 
pound  and  very  slowly,  its  decomposition  It  must  be  mentioned  tnat  the  solutions  Keep  their  color  even  after 
several  months. 
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Fig  3.  Volume  ratio  of  solutions  ctf  nickel  sul¬ 
fate  and  dimethylglyoxime  according  to  section 
12  and  the  optical  density. 


Fig.  fi  Variation  of  the  optical  density  with  the 
concentratior.  of  dimethylglyoxime  according 


Fig  Change  in  the  optical  density  the  so¬ 
lution  of  the  system  nickel  sulfate-diemethylglyoKlmc 
accc<rding  to  section  5-6. 


On  cunes  I.  IL  111  (Fig  3)  for  the  system  nickel  sulfate  d’mcthylglyoxime-ammonU,  a  maximum  optical  den¬ 
sity  can  be  found  at  ratios  of  nickel  sulfate  to  dim  ethyl  gly  ox  .me  equal  to  1;  3.  which  apparently,  corresponds  to  the 
composition  of  the  compound  formed.  The  curves  obtained  are  not  symmetrical  Branches  oi  the  cur\e  to  the  right 
of  the  maximum  pass  comiderably  more  abruptly  downward  than  those  to  the  left  of  it.  and  at  ratios  of  the  number 
of  molecules  equal  to  1:1.  a  clear  mflexion  can  be  seen  on  the  curve.  Such  a  form  of  the  curve,  indicates,  accord¬ 
ing  to  the  authors,  the  existence  in  addition  to  the  colored  complex  (with  a  molar  ratio  of  the  components.  1:3), 
another,  colorless  one  (with  suggested  ratio  of  the  reacting  components  1:1).  The  same  conclusion,  as  it  will  be 
shown  belowt  is  arrived  at  by  the  study  of  the  systems  with  a  consunt  co.ncentration  of  dimethylglyoxime. 

From  the  curves  1.  11.  Ill  placed  on  Fig  3.  it  is  apparent  that,  with  the  change  of  the  concenaation  of  the  am 
monia.  the  position  of  the  maximum  does  not  change,  only  its  height  changes  The  highest  maximum  corresponds 
to  a  mixture  in  which  the  concentration  of  a.mmonia  is  3.52  molai,  the  lowest  maximum,  with  a  concentration  cf 
5.58  molarity.  Therefore,  with  the  increase  of  the  concenuauon  of  ammonia,  the  degree  of  dissociation  of  the 
complex  increases.  This  phenomenon  can  be  explained  if  it  is  assumed  that  the  following  equilibrium  occurs  in 
the  solution: 

Xi  (Nt  ♦  .TDtto'  r  fNiDH*J*  ♦  6NH,  (1) 

v  here  DH*"  is  the  oxidized  form  of  duiieihylglyoxime.  Supplementary  proof  of  the  existence  of  such  an  equilibrium 
in  the  system  studied  will  .  e  given  .  elow. 

l*pon  keeping  the  initial  concentration  of  ruckel  rulfate  constant  and  continually  mcreasing  the  concentration 
of  dimethylglyoxime  (in  ammonia  soluiio,!).  lU  curve  of  the  optical  density  first  rises  sharply,  then  becomes  almos; 
parallel  to  the  abcissas,  and  approaches  a  definite  value  cf  the  optical  density  (Fig  4)  This  value  of  the  optical 
density  corresponds  to  practically  complete  conversion  of  the  nickel  salt  to  the  complex  compound,  equilibrium  (1) 
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is  prictically  coirpletcly  shifted  to  the  right. 

The  coirpoands  forrned  in  the  syste.T?  a»e  found  in  the  partially  dissociated 
state.  If  the  dissociation  of  the  cotrpounds  were  Insignificant,  tnen  the  graph, 
shown  on  Fig.  4.  would  have  been  a  broken  line  with  an  inflexion  occurring 
at  the  composition  of  the  complex  compound. 

Nevertheless,  the  compoiodsof  nickel  with  diirethylglyoximc  possess 
a  sjifficiently  great  stability,  since  if  an  extensive  dissociation  were  present, 
there  would  have  been  no  horizonul  branch  found  on  Graph  4. 


The  molar  extraction  coefficient  of  the  compound  formed  was  calce-  / 

lated  from  the  determined  val..es  of  the  opucal  density  (Fig.  4).  It  was  dL5  -  j 

assumed  mat  practically  all  of  Lhc  rJckel  sulfate  found  i?  the  solu&on  bad  r 

been  converted  Into  the  complex  compound.  By  investigating  d’e  grapn  in  / 

Fig.  4.  the  ratio  of  ruck.el  to  dimethyjglyoxime  in  the  colored  complex  can  _  / 

oricc  more  be  v^e.^fied.  The  ‘logarithmic  grapn*  metnod  was  osed  fo*'  tiUS  / 

purpose.  By  substinting  the  concen’rations  of  the  reaction  comporena  from  -  / 

the  expcrimenul  data  into  the  equilibrium  equation  expressrtg  the  consents  ^  J  ,  ,  •  i 

of  the  reaction  forming  the  colored  complex,  we  obtain: 

Fig.  6  ’Logarithmic  graph' 

(C^’i  -a  D)  “3a  D)*  ~  of  the  system, 

where  D  is  the  optical  derrsity,  «  -  ^  (E  is  the  molar  extincnoa  coefficient  for  the  complex  compound  srhitioa) 
l_is  the  thickness  of  the  absorption  layer-  clji  and  the  Initial  concennations  of  dimethylglyoxime. 

nickel,  and  ammonia. 


The  product  aD  Is  eq*jai  to  the  concert  ition  of  the  colored  complex  in  the  solution. 

By  rearrangu-g  the  expressior.  for  the  equilib.ium  constants  and  transfonring  it  Into  logarithms,  a  relatioc 
K  obramtd  e  xpressed  by  a  straight  lire,  if  the  abscissas  are  made  to  correspond  to  tfic  logarithmic  ratio  of 

the  co..cent:auon  of  the  colored  complex  to  me  equil-b’u.m  concentrarron  of  nickel  and  the  equilibrium  ccxiceiiira 
tion  of  dimethylglyoxime.  to  the  ordinates. 


The  t*nge-t  of  the  argle  of  incltuirof.  characterizes  l'»e  coo.-dination  n*  wlach  was  found  to  be  equal 
to  3  (Fig  61. 

Therefore,  the  s*me  result  for  the  composttior*  of  ’•he  complex  is  found  by  the  loga.-lihmic  graph  method  as 
by  Gsromyslenky-Ozhob’s  method. 

The  section,  cut  off  by  tiic  st.-aigbt  line  on  the  oidiraies  at  an  equilibrium  concentration  of  dimethylglyoxime 
eq-al  to  1  molar,  is  directly  related  to  the  v«lue  of  the  equilib’lum  constant.  The  value  of  the  logarithm  of  tbe  equi- 
libiium  constan*  calculated  from  the  data  given  in  Fig.  6.  was  found  to  be  equal  to  14.8.  This  value  was  confirmed 
by  the  calculation  of  the  equilibnum  constant  fiom  the  optical  data  from  mixtures  with  varying  concentrations  of  di- 
methy'giyoxime  and  mckel  sulfate  (with  differcjit  concentrations  of  ammonia)(Fjg.  3). 


The  values  ~14.1  and  14.9  arc  obtained  In  this  case  for  the  logarithm  of  the  equilibrium  constant,  which  is 
close  to  that  calculated  above. 

The  instability  constant  of  the  colored  complex  was  calculated,  %mich  is  related  to  the  simple  ratio  of  the  equi¬ 
librium  constant  of  reaction  (1)  and  the  irstabllity  constant  of  the  complex  Lon  *^’i(NHj)* 

*^nsability  NiCNH,)!* 
instability  - JT" - “ - 
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The  insublllty  consunt  of  Ni(NH,)J^,  according  to  Bjemun  [4].  is  equal  to  1.8-10“*.  The  iimablllty  constant  of  the 
cc^ored  complex  was  found  to  be  equal  to  S-IO"**. 

The  curve  in  Fig.  5,  expressing  the  relation  of  the  optical  density  to  the  concentration  of  nickel  sulfate  (at 
coescant  initial  concentration  of  dimethylglyoxime  in  the  solution),  shows  that  the  maximum  opnical  density  approaches 
a  molar  ratio  of  nickel  to  dimethylglyoxime  equal  to  1:3.  The  following  reaction  occurs  in  the  solutim: 

NiCNH^"*  ♦3DH«*  5^;  Ni(DH*);  ♦  6N1% 

On  further  itcreasmg  the  concentration  of  nickel  sulfate  the  op>tical  density  of  the  solution  decreases  ap¬ 
proaches  zero. 

If  other  complex  compounds  did  iK)t  exist  in  the  solution,  then  the  optical  density  would  have  remained  almost 
ctaissant.  Apparently  the  excess  nickel  sulfate  reacu  with  the  colored  complex  and  concerts  It  into  another  uncolored 
complex  with  a  smaller  coordination  number. 

The  reaction  occua.  evidently,  by  the  equation: 

Ni(DH^;  ♦2Ni(NH^J^  =  3NlDH\.SH,)J  ♦(12-3x)NHg 

The  composition  of  the  complex  compound  with  a  ratio  of  nickel  to  dimethylglyoxime  of  1:1  %ras  adopted 
because  the  compound  of  nickel  and  dimethylglyoxime  with  a  ratio  of  1:2  Is  cokued.  In  addition,  the  position  of 
the  inflexion  point  on  the  curves  in  Fig.  3  favors  this  view. 

Therefore,  a  many  sided  investigation  of  the  system  nickel  sulfate-^iiroethylglyoxime-ammonla  leads  to  the 
conclusion  that  at  least  two  complexes  are  present  in  the  system;  one  is  colored  which  has  a  ratio  of  nickel  to  dl- 
roethylglyoxlme  equal  to  1^3,  and  the  other  is  colorless  with  a  ratio,  evidently,  equal  to  1:1. 

SUMMARY 

1.  The  formation  of  a  colored  complex  was  discovered  upon  the  reaction  of  nickel  sulfate  with  dimethyl¬ 
glyoxime  in  an  ammonlacal  medium  In  the  presence  of  oxygen  from  the  air. 

2.  The  compiositimi  of  the  colored  complex  was  determined  by  a  i>hyslco-c  hero  leal  method  of  analysis 
and  corresponded  to  a  ratio  of  nickel  to  dimethylglyoxime  equal  to  1:3. 

3.  The  reaction  forming  the  colored  complex  occun  with  time. 

4.  In  addition  to  tiie  colored  complex  compound,  a  colorless  one  exists  in  the  system  with  a  molar  ratio  of 
nickel  to  dimethylglyoxime  equal  to  1: 1. 

5.  On  the  basis  of  the  study  of  the  reaction  between  the  complex  compounds  formed  and  the  ammonia,  die 
coirespondlng  equilibrium  constant  and  instability  constant  of  the  complex  compound  of  nickel  widi  diroethylgly-  . 
oxLme  were  calculated. 
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SYNTHESIS  OF  POLYCYCLIC  HYDROAROMATIC  KETONES 
VII.  3- and  "-METHOXY-3-KETO-1.2.3.9.10.10a-HEXAHYDRDPHENANTHRENE3 

T.  Tatevosyan.  P.  A.  Zagorets  and  A.  G.  Vardanyan 


Previously.  It  was  shown  [1]  that  sulfuric  acid  hydrolysis  and  subsequent  double  cycllzation  of  substituted 
y-phenylbutyric  acids  with  a  y-chlorocrotyl  group  in  the  apposition  to  the  carboxyl(l)  leads  to  the  formation  of  sub¬ 
stituted  3-keiohexahydrophenanthrenes  (II): 


R  - 


I  was  also  found  that  the  presence  and  position  of  a  methyl  group  in  the  aiomatic  nucleus  of  the  starting 
acid  did  not  have  any  significant  effect  on  the  tendency  of  the  acid  to  cyclize  and  on  the  yield  of  ihe  reaction 
pmducts  Pj. 

It  seemed  of  interest  to  investigate  the  analogous  transformation  of  acids  of  this  scries  with  a  methoxyl  group 
in  the  aromatic  nucleus,  which  is.  as  is  known,  a  considerably  stronger  expressed  ortho  and  para  orienuting  substituent 
than  the  methyl  group. 

The  expected  cycllzation  products  were  ketomethoxyhexahydrophenanihrene?  (H-  R  =  6-  and  7-CH^)  which  in 
themselves  can  be  of  interest  as  starting  substances  for  the  synthesis  of  compounds  related  in  structure  to  Doisynolic 
acid,  as  well  as  for  the  preparation  of  analgesically  active  amino  derivatives  of  partially  hydrogenated  phenanthrene. 

The  above  acids  f».  R=  m-  and  p-CHjQwffc  prepared  from  the  corresponding  S*anlsylethylbromide$  and 
1.3~dichlorobutene-2  by  means  of  the  maloiuc  acid  via  compounds  (ID).  (IV),  and  (V): 


ca 

CH,  CH 


CCl 


CH/T 


CH, 


C(CO.Crt)t 


CH, 


(ni)’  ‘  (IV) 

The  ability  of  y-phenylbutyric  acids  to  intramolecularly  acylatc  depends  to  a  con$ide»able  degree  on  the 
nature  and  position  of  the  substiMcnts  found  in  the  aromatic  nucleus 

According  to  certain  literature  dau  pl  y-(m-anisyl)butyric  actdCVl.  P.  =  m-CHp)  eadily  undergoes  intramolec¬ 
ular  acylation  and  forms  6-methoxyieualone-l  (VEL  R  =  6-CH,p)  by  the  action  o»  sal^u.nc  ‘cid  and  other  cyclizing 
agents: 


(VI) 

On  the  other  hand.  KroUpfeiffer  and  Schafer  (4]  did  not  obtain  any  7-ethoxyietralone-l  (VII. R=  7-CHjp) 
when  they  tried  to  cycllzc  y-(pnani5>i)but>Tic  acid  (VL  R-  i><^HjO)  by  heating  with  sulfuric  acid,  the  starting 
material  was  completely  suifonated.  This  substance  can  not  only  be  explained  by  the  facile  sulfonatlon  of  the 
aromatic  ring  in  the  starting  acid,  but  also  by  the  deaciivstir.g  effect  of  the  methoxyl  group  upon  cyclizatioo.  The 
latter  view  is  confirmed  by  the  fact  that  the  same  y-(;«nisyl)butyTic  acid  cyrlizcs  only  to  an  extent  of  61.5  ^ 

[5]  by  the  action  of  liquid  hydrogen  fluoride,  while  the  unsubstiiu^d  acid  (V'IR=  H;  from  tevalone-1  (ViiJl  =  H)  In 
a  yield  of  92.0ib  [6]  under  the  same  conditions. 

Therefore,  the  roethoiy  group,  as  an  ortho- par a-orienTirg  substlt’jent,  hinders  the  intram olecrlar  acylation 
which  occurs  in  ^.e  meu  posuion  in  relation  to  this  group. 

From  a  study  of  the  reported  literature  data,  it  was  expected  that  sulfaric  acid  hydrolysu  and  cyclizatlon  of 
o-fS-chlorocroiyl)-  y-(m-anisyl)butyiic  acid  (LR  =  m-CH|P)  into  S-keto-T-methoxyhexahydrophenanthrene 
(IL  R  =  7-CH,0)  would  occur  smoothly,  whereas  it  could  be  expected  that  the  complete  sulfonation  of  the  isomeric 
acid  (1  R=p-CHjP)  was  probable, >ince  both  are  .y-(p-arJ[syl)butyTic  acids  substituted  in  the  side  chain. 

On  the  other  hand,  the  presence  of  a  substituent  in  the  a-posliion  to  the  carboxyl  group, which  favored,  ac¬ 
cording  toother  observations  (71  cyclizatlon  of y-a.rylbutyric  acids,  gave  a  basis  for  expecting  that  the  intramolecular 
acylation  will  occur  at  comparatively  lower  temperatures  which  do  not  favor  sulfonation. 

3-Keio-7-meihoxybexahydrophenanthrene  (II.  R  =  7-CHjO).  characterized  in  the  form  of  2.4'<llnitiophenyI- 
hydrazone.  was  obuined  in  57 ‘Jt  yield  by  the  reaction  of  dt-f3-chlorocrotyl)-  y(iij-«nisyl)butync  acid  (L  R  =  m-CHjO) 
with  sulfu.'-ic  acid  (d  1.78)  at  60-75*. 

Under  more  forcing  conditions,  the  sulfonation  of  the  suiting  acid  was  greatly  Intensified  which  strongly 
decreased  the  yield  of  tricyclic  ketone,  while  gentler  conditions  (moderate  and  shorter  beating  of  the  reaction  mix¬ 
ture)  resulted  in  a  reaction  product  which  was  a  mixture  of  the  final  substance  and  the  bicycllc  diketone  (VIIQ  formed 
as  a  side  product: 


O  • 


A  stUI  more  sharply  expressed  separate  occunencc  of  the  two  stages  of  cycltzarion  was  previously  found  during 
the  preparation  of  ketones  with  the  chrysene  cyclic  system  [8].  The  intramolecular  aldol  condensation  of  the  remaining 
part  of  the  intermediate  diketone  into  the  ketomethcxyhexahydrophenanthrene  was  effected  by  boiling  the  mixture  ob¬ 
uined  with  aqueous  alkali. 

There,  the  presence  of  a  methoxyl  group  m  the  meu  position,  acbully,  docs  not  prevent  cyclizatlon.  Never¬ 
theless  it  must  be  mentioned  that  the  yield  of  the  cyclizatlon  product  (57^)  was  somewhat  lower  than  the  yields  ob- 
Utned  with  the  unsubaituied  acid(l]  or  acids  methylated  In  the  aromatic  ring  of  the  same  series  P)  (60^80*^1),  which, 
evidently,  must  be  explained  by  comparatively  easy  sulfonation  of  the  methoxylated  aromatic  ring. 

Upon  attempting  to  cyclize  a-(3-chlorocrotyl)-y-(p-inisyl)butyrk:  acid  (L  R  -  bCH,0)  with  sulfuric  acid 
(dl  .74)  at  65-70  ,  it  was  almost  completely  suifonated.  and  only  a  very  small  amount  of  a  substance  which  proved 


&S0 


to  OC  (ILR=&-CH,0)  could  be  isolated  from  the  reaction  rabeturc. 

In  isolated  cases,  substituted  y-j^enylbutyric  acids  are  cycllzed  with  stilfuric  acid  at  lower  temper  .ares. 

Thus.  V.  M.  Itodlonov  and  N.  N.  Suvorov  showed  [&]rhat  the  trkthyl  ester  of  a-pbenyi-£-benzy'lethane-c»,B,6 -tricar¬ 
boxylic  acid  readily  cjxlized  into  3.3-dicarbetboxy-2-pben>Tieffalone-l  even  at  room  temperature  on  a  two  day  stand' 
ing  with  concentrated  sulfuric  acid.  Attempts  to  cyclize  the  acid  (L  R  =  p-CH^)  under  these  conditions  were  found 
to  be  unsuccessful;  only  traces  of  the  tricyclic  meihoxyketone  were  formed  in  this  case. 

In  order  to  convert  the  acid  (L  R  =  pKTHjO)  into  3-keto*€-toethoxyhexahydrophenanthrene,  Krollpfeiffer  and 
Schafer  s  discovery  which  showed  that  y'^P'anisyl)butyric  acid  chloride  readily  cyclized  upon  vacuum  distilla¬ 
tion  with  the  cleavage  of  hydrogen  chloride,  was  applied. 

2*fy"Oiloro)crotyl-7-methoxytctralone-l  (1X3  formed  in  BO'S*  yield  by  the  distillation  of  the  acid 
chloride  (I.R-p-CHjO)  prepared  by  the  reaction  of  the  acid  w'ith  phosphorus  pentachlotide .  The  latter  was  an 
0.0  -substituted  tetialone  and  did  not  form  a  semi-carbazoac  even  upon  prolonged  standing  with  semicarbazide  solu¬ 
tion. 


distillation 


Absorption  spectra  of  the  meihoxyketunes 
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On  the  curve  of  the  Smethoxy  derivative,  in  whose  molecule  the  possibility  of  such  a  shift  is  excluded  by 
the  presence  of  a  meta  methoxyl  group,  the  maximum  coincides  with  that  of  the  unsubstituted  3-ltetohexahydro- 
phenamhrene.  However,  there  is  a  small  bulge  on  the  lower  part  of  this  curve.  Since  this  bulge  coincides  In  wave¬ 
length  with  the  maximum  in  the  curse  of  tbe  7-ineihoxy  derivative  (320-325  mp),  the  above  circumstance  can  be 
explained  by  tiie  ixesence  of  the  7-roeihoxy  derivative  as  an  impurity  In  the  investigated  3-keto-€-methoxyhexahydro- 
phecanihrene  preparation.  The  presence  of  th‘s  impurity  may  be  explained  by  the  fenmation  of  a  small  amount  m- 
bicmoanisole  during  the  bromination  of  the  starting  material,  anisole,  to  give  p-tromoanisole. 

In  view  of  the  fact  that  3-kcto-6-mtthoxyhexahydrophenanthrene  was  prepared  by  a  method  somewhat  different 
from  that  used  for  the  synthesis  of  tbe  other  ketones  of  this  series,  and  because  the  7-methoxy  isomer  was  assumed  to 
be  present  in  the  investigated  preparation  of  this  substance,  it  was  subjected  to  dehydrogenation  with  sulfur  in  order 
to  ixxjve  its  structure  aixl  possibly  establish  the  presence  of  the  isomer  3  Hydroxy-€“rpethoxyphenanthrene  (X)  was 
obuiTied  which  was  then  methylated  to  3,6*cilmethoxypbe!ianthrene  (XI)  il3]. 


R  =  6-CHp 


The  Isomeric  2,6<limethoxyphenanthrene  [131  whose  formation  could  have  been  expected  with  the  jvesence 
of  the  7-lsomer  rn  the  starting  methoxy  ketone,  could  not  be  detected,  which  however,  can  not  be  regarded  at  proof 
of  its  complete  absence. 

,  EXPERIMENTAL 

The  suiting  8-(m  anisyl)ethylbromide  was  prepared  from  m-iodoanisole  [14)  by  the  action  of  ethylene  oxide 
oxide  on  Its  magnesium  derivative  followed  by  reaction  of  the  8-(m  anlsyllethyl  alcohol  with  phosphorus  tribromidc 
[3bl  fl-(p^Anisyl)ethyl  bromide  [15]  was  obumed  by  the  same  method  from  p-bromoaalsole. 


fl-(m-An!svl)ethylmalonIc  ester  fin.  m-C 


98  g  of  6’<m^nlsyl)ethyl  bromide  was  added  giadually  to  the  sodium  derivative  of  malonlc  ester  prepared  in 
150  ml  of  absolute  alcohol  from  11.5  g  of  sodium  and  80  g  of  malonic  ester.  The  mixture  was  boiled  on  tbe  water 
hath  for  a  hours,  a  large  pan  of  the  alcohol  was  distilled  off.  water  acidified  with  hydrochloric  acid  was  added  to  the 
residue,  tlte  product  was  exnacred  wi*b  ether,  the  ether  solution  was  washed  with  water,  and  dried  with  anhydrous 
sodium  sulfate.  After  the  removal  of  the  ether,  the  residue  was  twice  vacuum  distilled.  67  g  (50^  of  the  theoretical 
amount)  of  an  almost  colorless  oil  with  bp.  175-180*  at  3  mpi;di*  1.1146;  n{}  1.4960.  Found  MRj)  77.05. 

CuHjiCv  Calculated  77.43. 

0.1058  g  substance:  0.2547  g  CO^;  0.0762  g  H,0.  0.1044  g  subsunce:  0.2496  g  0.0712  g  H,0. 

Found  <Ju:  C  65.65.  65.20,  K  8.00,  7.57  Cut^jO^.  Calculated  <5^:  C  65.31;  H  7.48. 


nisyhethylma Ionic  ester  (IIL 


230  g  (78.23<it>of  the  theoretical  amount)  of  the  previously  [16]  lepoited  ester  was  obtained  in  an  analogous 
manner  from  180  g  of  malonic  ester.  23  g  of  sodium,  and  215  g  of  6  (parisyl)ethylb:omlde  In  380  ml  of  absolute 
alcohol  The  preparation  obtained  had  the  following  properties,  b.p  174-176*' at  2  rrm,  c“  1.1003;  1.4999. 

MRq  78  62,  calculated  77.43. 

[S-(m-Anlsyl)ethyl(y-chlOTO)crotvn  malonic  ester  (fV  m<H,0) 

60  g  of  8-<m-anisyl)ethylmalonlc  ester  was  added  to  a  solurion  of  sodium  alcoholate  prepared  from  4.7  g 
of  sodium  In  64  ml  of  absolute  alcohoL  The  mixture  was  heated  for  a  half  hour  on  the  water  bath.  Upon  cooling. 
27.0  g  of  freshly  ledistilled  l,3-dU:hlorobutene-2  was  added  dropwlse  with  srirtng.  The  irlxture  was  boiled  for 
4  hours  and  half  of  the  alcohol  used  Initially  was  distilled  off:  the  residue  L'*  the  flisk  was  cooled  and  dll;.’red  with 
acidified  water  until  complete  solution  of  the  precipitated  salts,  the  .reactio«  oroduct  was  dissolved  in  ether,  tbe 
ether  solution  was  washed  with  water,  and  dried  with  anhydrous  sodium  sulfate.  After  the  removal  of  the  ether,  the 
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50.3  g  of  the  unrecxysullized  dibasic  a«.  id  (V.  m-CH|0)  was  deca’^boxyUted  by  beatii^  uniU  the  evolution  of 
carbon  dioxide  ceased.  The  oil  which  formed  wai  vacuum  distilled.  40  g  (91.9^  of  the  theoretkal  amount)  of  a 
light -yellow,  very  viscous  liquid  with  b.p.  207  210“  at  5  mm  was  obtained:  dj  1.1514;  n”  1.5354.  Found  MRq 
76.44.  CjjHiPja.  Calculated  75.44. 

0.1056  g  subsunce:  0.0536  g  AgCU  0.1041  g  substance:  0.0536  g  AgCl.  Found  Cl  12.56, 

12.73.  CuHjPjCI.  Calculated  ‘Jt:  Cl  12.56. 


:hlOTOcrotyl)-i 


taisvllbutvric  acid 


62.2  g(89.8<!l)Of  the  theoretical  amount)  of  a  viscous  yellowish -green  liquid,  boiling  at  192-193*  at 
3  mm  was  obtained  by  the  decarboxylation  of  80  g  of  the  crude  dibasic  a*:ld  (V.  p<;KjP);  d*  1.1595:  Up 
1.5396.  Found  MRp  76.39.  C^HjACL  Calculated  75.44. 

0.1098  g  subsunce:  0.0550  g  AgCl.  0.1078  g  substance:  0.0548  gAgCl.  Pound  V  Cl  12.40, 

12.58.  CuHi^O^L  Calculated  %  O  12.56. 


3HKeto-7-methoxyl  ,2,3, 9, 10. Oa-hexah^ 


ieranthrere  fll.  7CH 


•  a)  30  ml  of  sulfuric  acid  (d  1.78)  was  added  gradually  with  stirring  and  cooling  with  ice  water  *o  5  g  of  the 
suhstiiuted  butyric  acid.  The  cherry-red  solution  was  left  to  stand  at  room,  vmpe.-ar^e  ^or  a  half  .hour  u.rll  foaming 
caused  by  the  voluminous  evolution  of  hydrogen  chloride  ceased,  and  then  was  beared  fo*  3  ho-u.s  at  60-65  on  the 
water  bath  in  a  stream  of  carbon  dioxide,  and  left  to  stand  over  night.  Oi  the  following  day.  the  ’Cic.ion  mticture 
was  poured  on  ice,  the  precipluted  oil-lrke  subsunce  was  dissolved  in  ether,  the  ether  solution  washed  tho-tbghly 
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with  dilute  elkali.  then  with  water,  and  dried  with  sodium  sulfate.  Upon  the  acidification  of  Ae  alkali^  wash  solu¬ 
tion.  it  clouded  slightly  but  the  formation  of  an  insoluble  substance  did  not  occur.  After  the  removal  of  the  ether, 

2.9  g  of  a  yellowish  crystallLne  substance  remained,  which  was  recrysullized  from  alcohol  (boiling  with  cirbon). 

2.3  g  (57^  of  the  theoretical  amount  of  colorless  crystals  with  m.p.  1 14-115*  was  tJstained. 

0.1018  g  substance:  0.2^  g  CO^:  0.0682  g  1^0.  0.1004  g  substance;  C.2899  g  CC^:  0.0650  g  1%0. 

0.2179  g  substance:  0.2305  g  AgL  Found  C  78.96.  78.74;  H  7.18,  7.19;  CHjO-group  13.50. 

CmHuO'CCH,).  Calculated  -jk:  C  78.04;  H  7.02;  CHjOgroup  13.59. 

The  2.4-dinitrophenylhydrazone.  obtained  by  heating  0.3  g  of  tl«  ketone  and  0.26  g  of  dinloophenyl- 
hydrazlne  in  40  ml  of  alcohol,  formed  dark-red  light  needles  with  m.p.  219-220  after  recrystallization  from  a 
mixture  of  chloroform  and  alcohoL 

0.1010  g  substance:  13.5  ml  1^  (23*.  678  mm).  Found  N  13  75.  Calculated 

N  13.72. 

b)  5  g  of  the  acid  (L  R  =  m-CH^  was  treated  with  30  ml  of  sulfuric  acid  (d  1.78)  under  conditions  analogous 
to  those  of  the  previous  experiment, witii  the  only  difference  being  that,  during  the  beating  of  the  reaction  mixture, 
the  bath  temperature  was  kept  %rtthin  the  limits  of  30-60*.  and  the  mUture  was  processed  directly  after  the  3  hour 
heating.  2.7  g  of  yellowish  oily  crysuls  was  obtained,  colorless,  with  m.  p.  56-60*  after  recrystallization  from 
alwobol. 

0.1012  g  subsunce:  0.2796  g  CO^:  0.0712  g  H,0.  Found  ‘Jfc:  C  75.35;  H  7.81. 

The  product,  a  mixture  of  the  ketomethoxyhexahydropbenanthrene  with  the  intermediate  blcycUc  diketone, 
was  boiled  for  2  hours  with  20  ml  of  a  20^  sodium  hydroxide  solution  and  then  twice  rccrysttlllzed  from  alcohol 
(boiling  with  carbon).  The  colorless  crystalline  substance  obtained  had  a  m.p.  114-115*  (3-keio-7-Tnethoxyhexa- 
h  yd  rophe  natuhre  ue). 

Action  of  sulfialc  acid  on  g-(3-chIomcroty!>-y- (p-anlsyl)  butyric  acid. 

15  g  of  the  acid  (L  R  -  P<1H|0)  was  treated  with  80  ml  of  sulfuric  acid  (d  1.74)  under  the  above-reported 
conditioTvs  (see  experiment  ^  Upon  mixing  the  sulfuric  solution  with  ice  water,  a  very  small  amount  of  a 

solid  substance  formed.  The  substance  was  dissolved  in  ether,  the  ether  solution  was  washed  %cith  dilute  alkali,  then 
with  water,  and  dried  with  sodium  sulfate.  The  light  yellow  crysuls  remaining  after  the  removal  of  the  ether  melted 
at  110-111*  afte*  recrystallization  from  alcohol  (boiling  with  carbon).  A  mixed  sample  with  3  Reto-6-raetIioxy-l,2, 
3,9.10, 10a -hcxahydropheiumhrene  (see  below)  melted  at  the  same  temperature. 

A  two  weeks*  sunding  at  room  temperature  of  a  mixture  of  10  g  of  the  acid  (L  R  *  p-CH|0)  and  50  ml  of 
sulfuric  ac  Id  (d  L84)  also  led  to  the  formaUun  of  waiei-soluble  sulfonic  acids,  only  traces  of  the  tricyclic  methoxy- 
ketone  were  obulTied. 

2-(Y-Chloro)crt>tyl-7-methoxytetralone-l  (DO 

134  g  of  phosphorus  peritachloride  was  addf^  Ln  small  portions  with  sruilng  to  *  nlution  of  184  g  of  the  acid 
(L  R  =  p-CHjO)  in  300  ml  of  dry  benzene  in  a  distillation  flask.  At  the  end  of  the  violent  reac  tion,  the  mixture  was 
heated  on  the  water  bath  for  a  half  hour;  pa-t  of  the  ben2ene  was  distilled  off  duriT*g  this  heating.  The  water  bath 
was  removed  artd  the  rem.ainir^g  benzene,  as  well  as  the  phosphorous  oxychloride  formed  during  the  reaction,  were 
distilled  off  at  atmospheric  pressure.  The  dlstillatlcn  of  the  residue  in  vacuum  was  accompanied  by  a  voluminous 
evolution  of  hydrogen  chloride.  After  redistillation  of  the  substance. which  was  washed  with  alkali  and  water,  and 
dried,  138.7  g  (SO.S'J)  of  the  theoretical  amount)  of  a  light  yellow,  thick  oil  wirti  b.p.  181-183“  at  4  mm  was  obuincd; 
df  1  1761;  ng  1.5740. 

0.1337  g  subsu. nee:  0.0718  g  AgCL  0.1237  g  subsunce:  0.0655  g  AgQ.  found  V  0  13.28,  13.30. 

CuHjtC^CX  Calculated  Cl  13.42. 

months*  sunding  with  a  solution  of  semicarbazide.  the  subsunce  thickened  considerably,  but  a 
crysulline  semicarbazone  could  not  be  isolated  from  It. 


60  ml  of  sulfuric  acid  (d  1.74)  was  added  in  small  porrlons  witii  Ice  cooling  to  45  g  of  ketone  (DC).  The 
mixture  was  left  to  sund  overnight  at  room  temperature.  After  24  hours,  the  dark  green  solution  was  poured  on 
Ice,  the  precipiuted  product  was  robbed  with  a  glass  rod  and  crysulllzed  completely.  The  substance  was  filtered, 
washed  with  alkali  and  water,  and  dried.  After  recrysallization  from  alcohol  (boiling  with  carbon),  colorless 


prisinswith  in.p.  111-112*  were  obulried.  Yield,  24.7  g  (63.67*^  of  the  theoretical  amount). 

0.1097  g  substance:  0.3176  g  CC^;  0,0702  g  H^O.  0.1108  g  subsunce:  0.3194  g  CO^;  0.0718  g  1%0. 

0.2179  g  substance:  0.2223  g  AgL  0.2094  g  substance:  0.2155  g  AgL  Found  *5#:  C  78.95,  78,61: 

H  7.11,  7.27.  CHjO-group  13.44,  13.60.  Ci4HnO{OCH5).  Calculated  C  78.94;  H  7.02;  CH,0-group 
13.59. 

The  2.4-dinliropfaenylhyd:azone.  cLniubai  colored.  recrystaUized  from  a  mixture  of  chloroform  and  alcohol 
had  a  ra.p.  233-234*. 

0.1008  g  subsunce:  19.6  ml  (21*,  676  mm).  Found  N  13.95.  CalcaUted  ^  N  13.72. 

3-Hydroxy-6“Tnethoxyph€naathrene  (X) 

A  mixture  of  3  g  of  the  ketone  (U.  R  =  6-CH,p)  anda9  g  sclfur  was  heated  at  185-195*  for  ^  hour  until 
the  evolution  of  hydrogen  sulfide  stopped.  The  viscous  product  which  formed,  dissolved  almost  completely  upon 
rubbing  wiA  an  excess  a  mourn  of  warm  10^  sodium  hydroxide  solution.  The  soludon  was  filtered  from  the  small 
amount  of  the  Insoluble  oily  residue.  Upon  the  acidification  oi  ±e  filtrate,  the  acidic  dehyd.-ogenatior.  product 
separated  in  the  form  of  an  emulsion  which  soon  formed  flocculant  crystals.  After  three  recrystallizarlons  from 
alcohol  (boiling  with  carbon).  1.5  g  (60.9^  of  the  theoretical  amount)  of  colorlesathin  crystals  with  m.p.  125*  was 
obtained. 

0.1018  g  subsunce:  0.3012  g  CO^;  0.0526  g  H,0.  0.1014  g  subsunce:  0.2994  g  CO^;  0.0520  g  1^0. 

Found  G  80.69,  80.52:  H  5,73  .  5.69.  C^HbO^.  Calculated  %  C  80.36;  H  5.35. 

The  ted  plcrate,  lecrysulliaed  from  alcohol,  melted  at  165-166t 

0.1007  g  subsunce:  9.2  ml  Nj  (29*.  676  mm).  0.1007  g  substance:  9.5  ml  (29*,  674  mm).  Found  V 
N  9.20.  9.47.  CalcuUted  •jk:  N  9.27.  »  . 

3.6>Dlmethoxyphenanthrene  fXI) 

1  g  of  dimethyl  sulfate  was  added  dropwlse  with  stirring  to  a  solution  of  0.7  g  of  3“hydroxy-6-methoxy- 
phefianth’^cne  in  25  ml  of  a  2<5?  sexilum  hydroxide  solution  heated  on  the  water  bath.  The  mixture  was  heated  for 
15  minutes.  20  ml  of  a  4%  sodium  hydroxide  solution  added,  and  the  beating  continued  for  15  minutes  more.  After 
cooling,  the  oily  i>roduct  was  dissolved  in  ether,  the  ether  solution  washed  with  water,  and  dried  with  sodium  sulfate. 
Upon  the  removal  of  the  ether,  needle-llke  cryiuls  which  melted  at  104-105'“  after  recrysulllzatlon  flora  alcohol 
were  obtained  (3.6-dimethoxyphenanthrene  [131). 

SUMMARY 

1.  a -(3-Chlorocroryl)-Y  Pheny ’butyric  acids  conuinlng  a  inethoxyl  group  hi  the  rocu  and  para  position  of 

the  aromatic  ring  were  synthesized,  and  the  products  of  the  reaction  of  these  acids  with  sulfuric  acid  were  Irsestigated. 

2.  It  was  shown  for  the  example  of  a-fS-chlorocrotyl)-  y:tm*T»nisyl)butyric  acid  that  the  meta  metboxyl  group 
did  not  prevent  the  Intramolecular  acylation  from  occuring  la  the  para  position  Ln  ’’elation  to  this  group.  The  yield 

of  the  cycllzatlon  product  was  sewrewhat  lower  than  those  found  for  urvsubstiiuted  a^3<h!o;ocrotyl>-ypheaylbi.ryrlcartd 
and  its  sromatlc  methyl  homologs,  which,  evidently,  is  explained  by  the  favorable  effect  of  the  mcLhoxyl  group  on 
the  sullonatlon  of  the  surting  acid. 

3.  Only  traces  of  3-keio-6^ethoxybexahyd.“ophenar.threne.  the  o’oductof  *e  sulfunc  arid  hyd-olysts  and 
double  cycluation  of  the  latter,  were  fo’^med  by  the  action  of  salfuiic  acid  on  a  <3-c.Mo-ocroryl)-y<panisyl)butyric 
acid,  which  is  explained  by  the  effect  of  the  para  metboxyl  g’xjup  favoring  rhe  sulfonaaon  of  the  starting  acid  and 
hindering  the  intramolecular  acylation  occurring  in  the  meia  posinoP  relative  to  this  group.  A  satisfactory  yidd 

of  3“ketD-6-methoxyhexahydrophcnahthrene  could  only  by  achieved  by  a  diffe.-ent  method  based  on  the  separate 
cycllzatlon  of  rings  B  and  C. 
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INVESTIGATIONS  OF  ALKANE  SULFONIC  ACIDS 

DC.  SYNTHESIS  AND  PROPERTIES  OF  ARYLAMIDES  OF  PHENYLLlETHAKESUlFONiC  ACIDS 

A.  G.  Kostsova 


A  series  of  arylamkles  of  phenylroeihanesulfonic  acid  are  reported  in  presear  xTcaranicatioii.  The  aryl” 
amides  of  methane  and  cMoromethanesulfonic  acids  were  reported  in  detail  in  rt*.^  previous  costrsunicatiocs  p.1 
Reactions  of  phenylmethanesulfonyl  chloride  with  aniline,  o.iMoluidine,  p^anlsuiiae.  p-pbenetidise,  aod  et^aroino- 
pyridine  were  conducted.  It  was  found  that  phenylroe&acesullcnyl  crdoride  showed  a  stifflciemly  great  reactivity:  it 
reacts  with  the  above  amines  under  various  conditions  aldiough  somewhat  more  slowly  than  die  all^aoesulfocyl  chlorides, 
which  possess  very  high  reactivity. 

The  anilide,  o,p”toluidide,p-anisidide,  p-pheneudide.  and  a-aminopyrididc  obtained  arc  colorless,  crystalline 
sid>stances  readily  soluble  in  ether,  alcohol,  benzene,  difficultly  in  water,  dissolve  in  alkalies,  and  suparate  &om 
the  alkaline  solutions  upon  acidification;  they  are  sufficiently  suble  to  hydrolysis.  Le..  tiiey  diov  a  great  resemblance 
In  properties  to  the  aryl  amides  of  .ilkane  sulfonic  acids. 

The  general  equation  for  the  reaction  is  the  following: 

CjHjCHiSC^Cl  ♦  2S}\Ax - ►  CcH^.^SO^NHAr  ♦  AxNI^-  HO. 

EXPERIMENTAL* 

The  following  of  the  series  of  experiments  conducted  are  given  below:  the  surtlcg  pbesylmethanesulfonyl 
chloride  was  prepared  by  the  chlorination  of  phenylmethyl  thiocyanate.  An  energedc  stream  of  chlorine  was  passed 
for  1.5  hours  at  room  temperature  (18*20*)  into  a  suspension  of  4  g  of  freshly  prepared  pbecylcoedqrl  thiocyanate 
(m.p.  41*)  in  30  ml  of  water.  The  temperature  of  the  mixture  rose  to  50*  and  once  more  fell  to  20-25*.  The  sulfoayl 
chloride  accumulated  on  the  bottom  of  the  reaction  vessel  in  the  form  of  a  dense  yeDow  oil.  Ax  the  end  of  the 
reaction,  the  mixture  was  cooled.  The  oily  sulfonyl  chloride  gradually  crysulllzed.  The  residue  was  filtered,  wadied 
several  times  with  water,  5^  sodium  carbonate  solution,  once  more  with  water,  and  then  dried.  Tield  1.25  g  or  25^ 
of  the  theoretical.  A  more  prolonged  chlorination  at  lower  temperatures  led  toaa  tr.slgniffcagr  yield  of  dre  sulfcutyl 
chloride.  Rienylmethanesulfonyl  chloride,  white  crystals  with  m.p.  &4*.  wa'  soluble  in  ethet.  beirzene.  acetone, 
and  insoluble  in  water:  it  has  an  irritating  action  on  skin. 

1.  Reaction  of  phenyliiieUanerulfonyl  chloride  with  aoiline.  The  procedure  for  condaetZBg  the  reaction  of 
phenylmethanesalfonyl  chloride  with  aniline,  as  well  as  the  isolation  and  purlficatioc  of  the  reactiOB  produce  is 
reported  in  great  deuil;  all  of  the  subsequent  experiments  were  conducted  In  ar  analogous  *ca«aer;  <br  this  reason 
reports  of  subsequent  experiments  are  omitted.  1.5  g  of  pl,enylircthinesulfooyl  chlcnide  was  dn«2lved  m  30  ml  of 
absolute  ether.  1.47  g  of  aniline  was  added  to  the  solution  in  small  pordons.  The  mlunon  c Iccded.  and  after  30*40 
minutes  aniline  hydrochloride  pteclpiuted.  The  salt  was  filtered  after  bouts  and  was  cor  t*'esngated  further. 

The  ethereal  filtrate  was  evaporated.  The  residue  was  treated  with  dilute  alkali,  the  imp*inr:es  insoluble  in  alkali 
were  filtered,  arq  the  reaction  product.  phenylmethanesuKosniiide.  was  precipitated  wirhdiis:^  adhtrlc  acid.  Cwas 
rectystallized  from  alcohol  and  water;  m.p.  109*  Yield  0.63  got  35^  of  tne  thcorefical.  A  reaction  in  ether  with 
heating  on  the  water  bath  at  60*  with  reflux  led  to  the  «mc  results.  A  resetioa  in  absolute  be^zcf«  widj  beatmg 

at  90*  gave  a  yield  of  70^  of  the  theoretical  of  the  producL 

0.0389  g  subsunce:  1.58  ml  0.1  N  F^SQj.  0.1508  g  substance:  0.1408  g  BaSO^.  Fo;^V  N  5.69; 

S  12.82.  CijHi^NS.  Calculated  N  5.66;  S  12.95. 

2.  Reaction  of  phenylmcthanesulfonyl  chloride  with  o-toloidine.  2  g  of  the  chloride.  80  ml  of 

absolute  ether,  and  2.2  g  of  o-toluidine  were  used.  By  dissolving  the  crude  reaction  producT  »  alkali  and  by  sub¬ 
sequently  ptecipiuting  it  with  acid,  it  was  i»lated  in  the  form  of  a  yellow  oil  which  ciystallized  only  upon  sttoqg 

•  N.  P.  Venevitinova  and  M.  A.  Gorshkova  participated  In  die  experimental  work. 
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cooling.  The  crystals  were  greasy  to  touch.  M.p.  65*.  Yield  2.1  g  or  78^  of  Ae  thMretical.  The  reaction  in  absolute 
eiher  at  room  temperature  lowered  the  yield  to  55-66^  in  benzene  with  heating  the  yield  was  74-85<>.  at  room  tempera¬ 
ture,  48-49^  of  the  theoreticaL 

0.1018  g  subsance:  3.84  ml  0.1  N  l^Sq*.  0.1012  g  substance:  0.0908  g  BaS04.  Found  %  N  5.28; 

S  12.20.  CmHi^O^NS.  Calculated  N  5.34;  S  12.26. 

3.  Reaction  of  phenylmethanesulfonyl  chloride  with  p^oluidine.  The  reaction  was  conducted  with  the  same 
quantities  of  starting  materials  as  in  the  previous  experiment.  Rrenylmetharesulfc-p-tolnidide  was  a  white  finely 
cry'stalline  substance.  M.p.  106*.  Yield  1,5  g  or  69-70?>  of  the  theoretical.  The  reaction  Is  ether  at  room  tempera¬ 
ture  gave  a  yield  of  46^  of  the  product,  in  bei^ene  upon  heating,  60^  at  room  temperature,  41-42^  of  the  theoretical. 

0. 1020  g  substance:  3.85  ml  0.1  N  HiSO*.  0.1015  g  subsunce:  0.0911  g  BaS04.  Found  N  5.28; 

S  12.30.  Cx4Hi50^NS.  Call  ulated  N  5.34;  S  12.26. 

4.  Reaction  of  phenylmeil^ia^es'jJfor.vl  cMonde  »*tth  p-aatsidine.  1.7  g  of  pherylroethanesulfoayl  chloride, 

2.1  g  of  p-anisidine,  and  50  ml  of  absolute  ether  were  used.  Pbenylmethylsulfo-p^nisidldc  was  a  white  crystalline 
sid)stance  bitter  to  the  taste.  Mp.  101*.  The  yield  was  1.1  g  or  46^  of  the  theoretical,  fhe  reaction  in  ether 
without  heating  gave  a  yield  of  43^  In  benzene  upon  beating  64-65^  of  the  tiieoretical. 

0.0380  g  substance:  1.469  ml  0.1  N  H1SO4.  0.1037  g  substance:  0.0889  g  BaSQ|.  Found  N  5.40; 

S  11.75.  CuHjiPjNS.  CalcuUted  ‘Jt:  N  5.05;  S  1L55. 

5.  Reaction  of  phenylmethanesulfonyl  chloride  with  p-pher^etldine.  2  g  of  phenylmethanesulfonyl  chloride. 

2.8  g  of  p-pheneiidine.  and  93  ml  of  absolute  ether  were  used.  Fhenylmethanesulfoi>-pheneudlde  was  obtained  In 
the  form  of  needles:  m.p.  110*.  Yield  1.9  g  or  87^  of  the  theoretical.  The  reaction  in  ether  without  neating  gave 
a  yield  of  55.6%,  in  benzene  with  heating  93%:  without  heating  87%  of  the  theoreticaL 

0.1022  g  subsunce:  3.47  ml  0.1  N  H|SQ^  0.0904  g  substance:  0.0720  g  BaSO^.  Found  %:  N  4.75; 

S  10.92.  CisHxjG^NS.  Calculated  %:  N  4.79;  S  10.99. 

6.  Reaction  of  phenylmethanesulfonyl  chloride  with  g-amlno pyridine.  2  g  of  phenylmethanesulfonyl 
chloride  and  1.85  g  of  a-aminopyrldineweredissolved  in  20  ml  of  >*2nzene.  The  mixture  was  ^Ken  for  20-30 
minutes.  A  clouding  and  a  slight  amount  of  heating  occuned  (23-25*).  Soon  a  yellow  oil  formed  on  the  bottom 
of  the  reaction  flask.  After  sunding  for  some  time,  the  oil  was  separated  and  vacuum  distilled;  a  small  amount  of 
unreacted  o-aminopyridine  was  removed;  the  remaining  part  of  Ae  oil  decomposed  upon  distillation.  The  benzene 
solution,  after  the  removal  of  the  oil.  was  evaporated  in  a  porcelain  dish.  With  the  evaporatinn.  light  yellow  scaly 
crystals  of  pbenylmeihanesulfo-a-amLnopyTldide  ixeclpitated  on  the  walls  of  the  dish.  They  became  colorless  upon 
recrystallization  from  water.  Yield,  68%  of  the  theoretical.  M.p.  143*.  Upon  treatment  with  5%alkaLl  followed  by 
acidification  with  sulftuic  acid,  the  product  precipitated  only  when  there  was  a  strictly  neutral  reaction:  with  an 
excess  of  acid,  it  dissolved,  forming  apparently,  a  water-soluble  »lt  because  of  the  tertiary  niirogcn  atom  of  die 
pyridine  residue.  Upon  conducting  the  reacuon  in  acetone  at  room  temperature.  d>e  yield  of  die  product  was  L97  g 
or  75-76%  of  the  theoretical;  in  benzene  and  in  acetone  with  heating,  die  crystalline  product  was  not  formed  at  all, 
or  an  oil  separated  &om  which  definite  compounds  could  not  be  Isolated. 

0.2331  g  subsunce;  17.967  ml  0.1  N  1^804.  0.1836  g  subsunce:  0.1690  g  BaS04.  Found  %; 

N  10.79:  S  12.62.  C^HuO^l^S.  Calculated  %:  N  11.29;  S  12.90. 

SUMMARY 

f-*  The  reactions  of  phenylmethanesulfonyl  chloride  with  anlluie,  o-  and  p*ioIuidine,  p^nisidine,  p-phenetidine, 
eraminopyridine  were  studied  undei  various  conditions. 

anilide,  o-and  pKoluldide,  p-anlsldlde.p-phenetidide,  and  a~aminopyiidide  of  pbenylmethanesulfonlc 
acid  were  ptepaied  and  characterized  for  the  first  time. 
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INVESTIGATIONS  OF  IMIDAZOLE  DERIVATIVES 


Vm.  STUDY  OF  NITRATION  AND  AZOCOUPLING  REACTIONS  OF  4-AMINOBENZIMIDAZOLE  [13 

L.  S.  Eftos 


The  aim  of  the  present  investigation  was  to  study  the  efTect  of  amino  group  In  position  4  of  benzimidazole 
on  t**e  benzene  ring  of  these  compounds  durjig  nitration  and  azo  coupling  reactions. 

The  start  of  the  investigation  was  a  study  of  the  nitration  of  4-acetylamino-2“methylbcnzimldazole  (I), 
which  proceeded  very  smoothly  in  concentrated  sulfuric  acid. 

The  reaction  product  could  be  separated  by  means  of  crystallization  from  alcohol  into  two  isomeric  substances 
(n  and  III)  which  were  obuined  in  an  approximately  1:2  ratio. 


Both  of  these  substances  hydrolyzed  readily  upon  boiling  in  dilute  hydrochloric  acid  to  form  die  free  amines 
which  were  capable  of  diazotization,  and  subsequently,  of  partic'ipatL'%  in  coupling  reactions. 


The  amine  from  product  (II),  obtained  in  lower  yield,  was  in  the  form  of  yellow  platelets,  the  amine  isomeric 
with  it  fiom  product  (III),  light  yellow  needles^  In  order  to  prove  the  saucture  both  amines  were  reduced  with  tin  and 
hydrochloric  acid  into  the  unstable  diamines  (IV)  and  (V). 


0-Diamine  (T/)  without  further  purification,  was  treated  with  anhydrous  formic  acid;  another  imidazole 
ring  formed  and  a  stable  unhydrolyzable  methyl  derivative  of  diimidazolo-1,2,3,4-  benzene  (VI)  unhydrdyzed  upon 
treatment  with  acid:,  crystallizing  from  water  in  the  form  of  white  needles  was  obtained. 


Analogously,  upon  treating  diamine  (IV)  with  glacial  acetic  acid  in  a  sealed  tube  at  180  ,  dimethyldiimidazolo- 
1,2,3,4-benzene  (VIQ  was  obtained. 


(VUI) 


This  compound  (VII)  was  previously  reported  by  Nietzki  p]  who  obuined  it  during  the  process  of  proving 
the  structure  of  dinitrosoresorcinol. 

However,  accoiding  to  Nietzki’s  data,  the  melting  point  of  compound  was  lower  than  tfiat  for  the  product 
obtained  by  more  than  100*.  In  view  of  this,  the  reported  svTithesis  was  repeated,  and  a  subsunce  was  obuined  in  a 
very  low  yield  which  melted  as  the  above  and  gave  no  depression  upon  mixing  after  thorough  purification. 

As  for  the  p-diamine  (\').  it  gave  a  ruble  and  poorly-soluble  salt  with  sulfuric  acid,  in  which  form  it  was 
possible  to  purify  and  analyze  it.  In  contrast  to  diamine  (IV).  this  compound  only  forn)wd  the  dlforroyl  derivative 
(VIII)  ujion  boiling  with  formic  acid,  which  was  readily  cleaved  upon  heating  with  mineral  acids  to  form  the 
unstable  diamine. 

'  By  careful  oxidation  of  the  p-diamine  (V)  with  chromic  acid,  a  new  interesting  derivative  of  benzoquinone 
w'ith  an  imidazole  ring  (DC)  was  obuined. 


This  compound,  cry  stallizing  in  the  form  of  bright  orange-yellow  needles,  was  found  to  be  quite  unsuble. 

It  dissolved  readily  in  mmeral  acids  with  a  light  yellow  color.  In  alkali  solution,  however,  this  compound 
decomposed  very  rapidly:  the  bright  color  of  the  solution  almost  at  once  became  cloudy,  and  the  starting  subsunce 
could  not  be  isolated  from  it.  A  noticeable  decomposition  of  the  product  occurred  even  upon  heating  with  water. 

The  nitration  of  4-formaminobenzimidazole  (X)  was  studied  analogously. 

In  this  case,  the  niuture  of  ortho  and  para  aminomtro-derivativcs  could  rwt  be  successfully  separated,  which 
was  obtained  by  nitration:  for  this  reason,  the  mixture  of  these  subsunres.  after  treatment  with  hydrochloric  acid, 
was  reduced  with  tin,  and  without  any  further  purification,  treated  with  anhydrous  formic  acid.  The  reaction  ivoduct 
was  separated  into  two  substances  by  recrysuUization  from  water;  one  of  these,  obuined  in  smaller  amount,  was 
found  to  be  stable  to  hydrochloric  acid  treatment,  and  had  the  structure  of  diimidazolo*I,2. 3.4-benzene  (XI). 

The  other  product,  readily  hydrolyzable  by  boiling  with  hydrochloric  acid,  is  the  diformyl  derivative  of 
p-dis'iiinc  (XII). 


NHCilO  CH  =  .H  NHCHO 


Upon  treaiment^the  reduction  products  of  this  mixtuie  of  nltio  compounds  with  acetic  acid  in  a  sealed 
tube  at  180*.  methyldiimidazo]o-l,2.3,4-benzcrie  was  Isolated  which  was  found  to  be  Identical  with  the  previously 
reported  compound  (VI)  obtained  by  the  condensation  of  o-diamlne  (IV)  wldi  fo-mic  acid.  In  this  way,  it  was  proved 
that,  during  nitration  of  acyl  derivatives  of  4  aminobenzimidazole  and  4-amino-2-methylbenzimidazole,  a  mixture 
of  the  ortho  and  para  isom.ers  of  the  corresponding  aminonitro  derivatives  was  obtained.  More  of  the  para  isomer  is 
contained  in  this  mixture  than  the  oitho  isomer. 

Later,  the  coupling  reaction  of  4-aminobenzimldazoie  (XI!I)  ir»d  4'>mino-'2-metbylbcnzimldazole  (XIV) 
with  diazo  compounds  was  studied. 

As  expected.  It  was  found  that  the  substances  readily  p*«TlclMted  in  dUzo  coupling  reactioas  Dyes,  obuined 
from  them,  upon  coupling  with  diazonzed  aniline,  (XV)  and  (rvl),  were  piuified  and  analyzed. 
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(XIU)  (XIV)  (XV)  (XVI) 

The  above  structures  for  these  substances  h>'ere  proved 'ey  reduction  aiKl  subsequent  treatment  with  arthydtous 
formic  acid.  The  diformyl  derivatives  of4."-dianiinol>en2imkLizole  obtained  were  found  to  be  identical  with  the 
previously  reponed  compounds  (VUI)  and  (XU)  synthesized  from  4.7-dUmiriunitrobchzimidazole$. 

Therefore,  the  amino  group  found  in  position  4  of  benzimidazole,  has  a  large  activating  effect  on  tiie  benzene 
ring  of  these  compounds  and  made  the  coupling  reaction  with  diazo  compounds  possible.  The  latter  reaction  goes 
exclusively  para  to  the  amine  group  (position  7),  whereas  during  nitration,  although  in  smaller  yield,  the  ortho  isomer 
is  also  obtained.  The  specific  activity  of  positions  5  and  6  of  benzimidazole  is  not  affected. 

EXPERIMENTAL 

1.  Nitration  of  Acyl  Derivatives  of  4-Aminobenzimidazole  * 

1.  Nitration  of  4~Acetyiamino-2-methvlbenzlmidazole. 

9  g  of  the  product  was  dissolved  in  60  ml  of  cone,  sulfuric  acid,  keeping  the  temperature  below  15-20*.  Then  , 
a  nitrating  mixture  of  4  ml  nitric  acid  (d  1.5)  and  8  ml  of  cone,  sulfuric  acid  was  added  dropwise  at  this  temperature 
with  stirring  without  allowing  an  increase  in  temperature.  15  minutes  after  the  addition,  the  mass  was  poured  onto 
ice,  and  the  solution  was  carefully  neutralized  with  ammonia  with  the  addition  of  ice  (temperature  not  higher  dian 
40-50*).  The  light  yellow  product  which  separated  was  filtered,  washed  with  water  until  not  acid,  and  dried.  The 
product  obuined  was  dissolved  with  heating  in  alcohol  and  the  hot  solution  was  separated  from  a  small  amount  of 
alcohol- insoluble  impurities.  Upon  cooUtg,  7-nitro.-4-acetylamino-2-methylbenzimidazole  crystallized  from  it  in 
the  form  of  light  yellow  shiny  platelets.  A  small  amount  more  of  this  product  was  isolated  upon  the  evaporation  of 
the  alcoholic  mother  liquor  to  one  third  the  volume.  The  total  yield  of  this  isomer  was  3. 2-3. 8  g. 

The  residue  remaining  after  complete  removal  of  the  alcohol  from  the  mother  liquor,  was  iiuinly  the 
second  isomer.  5-nitro-4-acetylamino-2-methylbenz»midazole.  partly  saponified.  It  was  very  soluble  in  alcohol  and 
did  not  crystallize  from  it.  This  residue  was  heated  for  15-20  minutes  with  5-10  ml  of  lo^  hydrochloric  acid.  After 
cooling,  tlie  amine  hydrochloride  slowly  separated  In  the  form  of  orange-yellow  square  or  rhombic  platelets.  The 
yield  of  this  product  was  L3-1.6  g. 

The  acetyl  dcrivaivc  of  7-nitro-4-amino-2-meihylbenzimidazole  was  a  light-yellow.shiny,  platelet-like 
crystal!  ine  substance  with  m.p.  315-318*  (with  pielim.inary  softening  and  daikening). 

0.1320  g  substance;  0.2477  g  CO^:  0.0495  g  H|0.  0.1040  and  0,1065  g  substance:  21.7,  28.3  mi  N| 

(22*.  754  mm).  Found  C  51.20:  H  4.17;  N  23.95,  24.05.  CnHjjOjN^.  Calculated  C  51.30; 

H  4.27;  N  23.90. 

7-NitTO-4 -amino-2 -methylbenzimidazole  For  saponification.  0.5  g  of  the  product  was  dissolved  in  15  ml 
of  5*5^  hydrochloric  acid;  the  hydrochlor  ide  precipitated  and  was  dissolved  upon  heating  Sooq  however,  lon^ 
light-yellow  needles  of  7-nitro-4-amirx)-2-methylbcnzimidazoie precipitated  froti  the  boiling  solution.  They  were 
filtered  and  recrystallized  from  water  conuining  hydrochloric  acid. 

0.1050  g  subsunce.  0.0G59  g  AgO.  0.1002  and  C.1005  g  substance:  21.1  ml  and  21.2  ml  N|  (22*.  762  mm). 

Found  N  24.5,  24.6,  Cl  15.5.  CgHgO^N^-  HCl.  Calculated  N  24.5;  O  15.5. 

In  order  to  convert  to  the  base,  the  7-tiiiro-4-amino-2“methylbenzimidazole  salt  was  dissolved  in  water,  care¬ 
fully  neutralized  with  ammonia,  and  recrystallized  from  water.  Fine,  light-yellow. shiny  crystals  with  m.p.  291-293  . 

0.1081  and  0.1098  g  substance:  27.5  ml  and  28.0  ml  (22*.  760  mm)  Found  N 29.45,  29.5. 

CjHgO^N^  Calculated ‘S).  N  29.15. 

•  For  the  synthesis  of  4-acctylaminobenzimidazole.  sec  the  following  communication  (p.  93^ ) 
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The  reduction  of  the  nitro  group  of  this  compound  was  effected  in  the  following  manner:  2  g  of  the  hydro¬ 
chloride  was  treated  wi±  heating  with  5  g  of  granulated  tin  and  5  g  of  cone,  hydrochloric  acid.  When  die 
was  finished,  the  soluuon  was  poured  from  the  residual  tin,  arid  the  complex  of  the  tin  salt  and  the  reduction  product 
began  to  crysullize  after  some  time.  It  was  filtered. dissolved  in  water,  the  tin  removed  by  passing  a  stream  of 
hydrogen  sulfide,  ar^l  the  filtrate  evaporated  in  vacuum  to  dryness.  A  white  crystalline  compound  was  oouined  which 
was  very  easily  oxidized.  It  was  dissolved  m  a  small  amount  of  water,  and  dilute  sulfuric  acid  was  added.  A  white 
needle  like  precipitate  of  the  diamine  sulfate  fOTrocd  which  was  purified  by  recrystallization  from  dilute  hydrochloric 
acid  using  active  carbon. 

0.11"3  and  1170  g  substa.nce:  0.1054  a.nd  0.1050  g  BaSQ*.  Found  H,a54  37.6,  37.65. 

H,Sp4.  Calculated  H|S04  37.70. 

For  the  preparation  of  meri?yllmidazo1oben2oqoinone,  2  g  of  the  dwmlne  hydtschloride  (obtained  directly 
by  the  reduction  of  the  rino  product)  was  dissolved  in  20  ml  of  water,  a  smaU  aa>ount  of  dilute  sulfuric  acid  and  a 
solution  of  2  g  of  chromic  acid  in  water  was  added.  The  amlTiC  s.Jfa!e  which  precipitated  upon  the  addition  of  die 
sulfuric  ac  id,  dissolved  quite  rapidly^  the  solution  was  heated  up  fo  a  slight  extent  by  the  oxidation  reaction  occurring. 
After  a  half  hour.  sodLim  acetate  was  added  to  the  solution  until  the  absence  of  an  acidic  reaction  to  Congo;  the 
yellow  needles  of  the  quinone  which  precipitated  were  filtered,  and  washed  with  water.  The  product  was  purified 
by  3  times  dissolving  the  product  In  cold  dilute  hydrochloric  acid  and  prerlpitating  with  sodium  acetate  followed  by 
wash  lag  with  water.  Yield  0.9  g.  The  product  decomposed  over  360*;  It  did  not  melt. 

The  quinone  was  readily  soluble  in  dilute  mineral  acids  and  alkalies  with  the  formation  of  bright  raspberry 
red  solutions  which,  bowevet,  rapidly  clouded  because  of  the  decompcisltloa  of  the  product.  Upon  beating  vrith  water, 
it  also  noticeably  decomposed. 

0.1409  and  0.1268  g  subsunce:  0.3073  and  0.2770  g  CC\;  0.0493  and  0.0-^3  g  H,0.  0.1018  and  0.1030  g 

subsuoce:  15  (IS*.  762  mm)  and  15.3  ml  (20*.  758  mm). 

Found  C  59.40,  69.45;  H  3.88,  3.71;  N  17.30,  17.30.  CalcuUted  1b:  C  59.27;  H  3.71; 

N  17.30. 

In  order  to  prepare  the  diformyl  derivative  of  4.7-dlamlno-2“methylbenziroldazole.  2  g  of  tiie  diamine  bydro- 
chloride.  obtained  by  the  reduction  of  the  nitro  product,  was  dissolved  by  heating  in  10  ml  of  anhydrous  formic  acid 
and  refluxed  for  2  hours.  The  solution  was  evaporated  almost  to  dryness  on  the  water  bath,  neutralized  with  ammonia 
and  after  cooling,  the  precipitated  diformyl  derivative  of  4,7-diarolno>2'methy]benzimidazole  was  filtered.  Yield 
1.2  g.  The  product  was  recrystallizcd  from  water  over  active  carbon.  White  thin  needles  with  m.p.  268-270*,  (with 
initial  softening).  The  compound  obtained  was  readily  hydrolyzed  by  hydrochloric  acid  with  heating.  The  solution 
obtained  In  this  manner,  after  neutralization  with  ammorda.  darkened  very  rapidly,  tiien  turned  black,  and  nothing 
co’ild  be  Isolated  from  it  but  dark  tatri'  floes.  Upon  conducting  the  reaction  with  sulfuric  acid,  needles  of  the 
diamine  sulfate  leporteo  above  came  out  of  the  solution. 

0.1210  g  subjunce:  C.2440  g  CO^:  0.0500  g  1^0.  0.1168  and  0.10C3  g  s»ih$tance;  26.2  and  22,3  ml 

(22*.  753  mm).  Found  lb:  C  54.90;  H  4.69;  N  25.7;  25.5.  Calculated  lb:  C  54.95; 

H  4.58,  N  25.7. 

5-Nitro-4-amLno-2-iT»ethylbenz imidazole.  The  hydrochloride  crystallized  from  aqueous  hydrochloric  acid  as 
bright  yellou  square  or  rhombic  platelets.  It  was  considerably  more  soluble  in  water  than  the  salt  of  the  second 
isomer.  It  did  not  have  a  definite  melting  point. 

0.0980  and  C.0951  g  substance:  21  and  20.5  ml  (22*.  754  mm).  0.0672  g  subsunce:  0.0420  g  AgCL 

Found  N  24.5,  24.7;  Cl  15.4.  CgHjO^N^-  HO.  Calculated  lb:  N  24.5;  d  15.3. 

The  base  of  the  product  was  obulned  by  trearing  the  salt  with  an  ammonia  soluuon  and  recrysulllzation  from 
aqeuous  alcoboL  Yellow  crysuls  with  m.p.  300-302*. 

0.0598  and  0.0734  g  subsunce:  15.2  and  18.6  ml  (22*.  760  mm).  Found  V  N  29.3,  29.3.  C.HANs- 

Calculated  1b:  N  29.15. 

The  reduction  of  the  product  was  effected,  as  In  ^e  previous  f.ase.  with  tin  and  hydrochloric  acid.  The 
yield  from  2  g  of  the  hydrochloride  was  0. 9-1.1  g  of  dlamtvO‘2"methylbenzIjrtdszole  hydrochloride.  The  product, 
without  further  purification,  was  dissolved  in  10  ml  of  anhydrous  formic  arid  and  refluxed  for  2  hours.  The  solu¬ 
tion  was  evaporated  almost  to  dryness  on  the  water  hatii,  dissolved  In  water,  and  the  reaction  product  preclpiuted 


wiih  amrnoniA.  Yield  O.S'^-Sg-  ^'^^y^~^»2,3.4'^lianilncxiltakiazoloben2eQe  obtained  In  manner,  was  recry- 
s^Uized  from  water;  long  wb;-^  needles  with  m.p.  312-314*.  It  was  readily  soluble  in  dilute  hydrochloric  acid, 
it  was  not  decomposed  by  prolct^ged  Dolling,  and  was  precipitated  from  solution  by  the  addixioD  of  ammonia; 

0.0910  g  substance:  C,2076  g  C(^;  0.0403  g  1^0.  0.1C32  and  0.1035  g  substance:  29,0  and  29.0  ml 

N,  (22*.  762  mm).  Found  C  62.20;  H4.00;  N  32.70.  32.65.  Calculated  •%:  C  62  80; 

H  4.65;  N  32.55. 

1  g  of  4.5-dia!Tiino-2-icetnylbenzlmidazole  hydrochloride  was  heated  in  a  sealed  tube  with  7  ml  glacial  acetic 
acid  at  180*  for  2  hour.  The  was  evaporated  to  dryness,  the  residue  dissolved  in  vratcr,  and  diroeihyl-1.2.3.4- 

dutnidazolobenzene  precipitated  with  ammonia.  Yield  0.6  g.  The  product  was  purified  by  recrystallization  from 
water:  white  needles  with  m.p,  292-294*.  It  was  readily  soluble  in  alcohol,  pcorly  in  water  (about  1  g  of  the  product 
f®  AOO  ml  of  boiling  water);  it  was  readily  soluble  in  dilate  hydrochloric  acid  arid  ursbanged  upon  continued 
heating  with  it. 

O. 1002  and  0.09S1  g  mbszxxe:  0.2350  and  0.2331  g  CO^;  0.0483  a*u  0.0479  g  H,0.  0.1161  and  0.1101  g 

substance:  30.4  f^*.  754  mm)  and  28.7  ml  (20*.  754  ram).  Found  C  63.96,  64.20;  H  5.58.  5.37; 

N  30.1.  30.2.  Calculated  C  64.5;  H  5.4;  N  30.L 

2.  Nitration  of  4-Formamicobenzlinidazole.  11  g  of  fcnmamlnobenz imidazole  was  carefully  dissolved  in 
40  ml  of  coDc.  sulfuric  acid,  and  a  nitrating  mixture  of  3.5  ml  of  nitric  acid  (d  1.5)  and  1.5  mi  of  sulfuric  ar  id  %ras 
added  dropwlse  at  10-15*  to  the  sotoxion.  The  reaction  mass  was  poured  onto  ice  and  carefully  neutralized  with 
ammonia,  not  allowing  the  solution  to  heat  up.  The  yellow  nitration  product  which  separated  was  filtered  and 
washed  widi  water.  Yield  9  g.  The  product,  without  furdier  purification,  was  reduced  by  15  g  of  tin  and  20  ml  of 
cone,  hydrochloric  acid.  The  complex  which  separated  aras dissolved  after  filtration,  the  tic  precipitated  with 
hydrogen  sulfide,  and  the  sclctioc  obtained  evaporated  ui  dryness  in  vacuum.  The  residue  was  boiled  with  30  ml 
of  anhydrous  formic  acid  foe  2  hours,  the  formic  acid  was  evaporated,  the  residue  dissolved  in  water,  and  tire  reaction 
product  precipluted  with  ammonia.  The  reaction  product  was  subjected  to  fractional  crystallization  from  water.  The 
mote  difficultly  soluble  1.2.3  4<limtdazolobenzeDe.  obtained  in  a  yield  of  2. 5-3.0  g.  crystallized.  1,2.3,4-Dllmldazo- 
lobenzene  was  boiled  wi±  5^  HCl.  precipitated  from  ammonia  solution,  and  .'ecrystallized  from  water  with  activated 
carbon  for  complete  purificanoe.  front  the  second  product.  Yield  0.5-0.9  g:  m.p.  288-296*. 

0.1055  g  substance:  C. 2363  g  C(\:  0.0351  3  l^C.  0.1032  g  and  0.1036  g  substance:  31.8  ml  and  3T.8  ml 

N,  (21*.  754  mm),  C  60.90;  H  3.80;  N  35.50,  35.60.  Calculated  C  60.75;  H  3.80; 

N  35.45. 

4. 7-Dlfor  arc Jiobenz imidazole  was  a  long,needle-like  crystalline  substance  readily  mluble  In  dilute  hydro¬ 
chloric  acid.  M.P.  292-293*. 

O. 1354  and  0.1215  g  subsume:  0.2602  and  0.2360  g  CC\;  0.0500  and  0.0478  g  1%0.  0.1120  and  0.143C  g 

substance:  27  (22*.  754  mm)  and  34,4  ml  N|  (22*.  758  mm).  Found  C  52.30,  52.95;  H  4.18,  3.93; 

N  27.70,  27.70.  Calculated  *51):  C  52.90;  H  3.92:  N  27.45. 

3  g  of  the  above  product  of  the  reduction  of  tf»e  nltro  compound  was  heated  with  15  ml  of  glacial  acetic  acid 
at  180*  In  a  sealed  tube  fot  1  hoc.  The  condensation  product,  precipitated  by  neutralization  with  ammonia,  was 
treated  with  hydrochloric  acid  with  heating  to  remove  the  acetyl  derivative,  pcecipirated  with  ammonia,  and  fMri^ied 
by  recrystallization  from  ware;  wah  active  carbon.  A  yield  of  0.3  g  of  meihyl-l,2,3.4-xillmldazolobenzene  was 
obtained,  which  was  identical  ts  properties  widi  that  previously  obtained. 

II.  Coupling  of  4-Am  iaobe  D  zl  m  Id  a  20  le  and  Its  2-Methyl  Derivative  with  Diazotlzed 
Aniline 

8  g  4*amiiiobenzim^dazole  dihydiochlwide  was  dissolved  in  50  ml  of  water;  diazotlzed  aniline  and  sodium 
acetate  were  added  to  soiutlOQ  until  the  absence  of  an  acHic  teActlon  on  Congo.  A  coupling  occurred  which 
resulted  In  the  solutloc  orange,  and  upon  standing,  an  azo  dye  began  to  precipitate.  After  aa  hour,  lx 

was  filtered,  washed  with  a  amount  of  water,  pressed,  and  dried.  Yield  12  g. 

The  dye.  In  the  form  of  the  roonohydrochlorale.  crysullized  from  water  In  the  form  of  red  needles  not 
having  a  definite  melting  pomt.  Aqueous  solutions  were  colored  red-<aange;  upon  the  addltiop  of  hydrochloric 
acid,  they  became  violet  red;  upon  the  addition  of  ammonia,  the  dye  base  precipitated  in  the  form  of  a  tas. 


0.1023  and  0.1030  g  subsu&cc:  23.0  and  23.1  ml  Kg  (22*.  754  mm).  0.0922  and  0.0957  g  wbfUnce. 

0.0482  and  0.0503  g  AgQ.  Found  N  25.80,  25.80;  Q  12.92,  13.02.  HOL  Ctfci'Ated  % 

N  25.70;  a  13.03. 

The  coupling  of  diazotized  aniline  %fith  4-amIno-2-me thy Ibenz Imidazole  vra$  effected  in  an  analogous  manner. 
7  g  of  the  dye,  in  the  (am*  cf  the  monohydiochlorlde,  was  obtained  fmro  6  g  of  the  amine  dihydrochloride.  Its 
properties  were  similar  to  those  of  the  one  pre\iously  described. 

0.1183  and  0.1119  g  substance:  25.6  and  23.7  ml  (22*.  754  mm).  0.1003  g  subsunce:  0.0497  g 
Ago.  Found  <yo:  N  24.80.  24.35;  Q  12.50.  CuHnN^*  HCl.  Calc uU ted  <5^:  N  24.45;  Q  12.37. 

In  order  to  prove  the  structures,  both  dyes  were  reduced  with  tin  and  hydrochloric  acid.  The  complex  which 
precipitated  was  dissolved  in  water,  and  the  tin  was  removed  with  hydrogen  sulfide.  The  filtrate  was  evaporated  to 
dryness  in  v^uum,  and  the  solid  white  residue  of  the  airine  salts  obtained  was  boiled  for  2  hours  with  anhydrous 
formic  acid.  The  formic  acid  solution  obtained  was  evaporated  to  dry  ness  on  the  water  bath,  the  residue  was  dissolved 
in  water,  and  the  reaction  product,  precipxuied  by  the  action  of  ammonia,  was  purified  by  reciystalllzatlon  from  water 
with  activated  carbon.  Products  were  obtained  which  were  found  to  be  identical  with  the  previously  reported  diformyl 
derivatives  of  4,7-dumlnobenzlniidazoIe  and  2^ethyl*4.7*diamlD0benzimidazole. 

SUMMARY 

The  amino  group  found  in  position  4  of  benzimidazole  has  a  great  activaticg  effect  on  the  benzene  ring  of 
these  compounds.  Because  of  this  effect,  4-auiinohenzimldazo1fs  readily  participate  In  azo  coupling  reactions  to 
form  p-amino  azo  dyes  exclusively.  Upon  tiie  nitration  of  acyl  derivatives  of  4-amitrobenzimklazole.  mixtures  of 
ortho  and  para  mtro  derivatives  containing  a  larger  amount  ot  the  para  isomer  were  obtained. 
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INVESTIGATIONS  OF  IMIDAZOLE  DERIVATIVES 

IX.  SYNTHESIS  OF  4-AMIN0BENZIMIDA20LE  AND  COMPARISON  OF  ITS  CHEMICAL  PROPERTIES 
WITH  THOSE  OF  5-AXlINOBENZIMIDAZOLE  [1] 

L.  S.  Efros 


In  the  previous  investigations  P,31  it  was  shown  that  the  imidazole  group  causes  a  considerable  destruction 
of  sj'mmetry  in  relation  to  the  benzene  ring  in  the  benzimidazole  molecule  wherein  the  double  bond  character  of 
the  4-5  and  6-7  carbon  atoms  increases  while  the  5-6  carbon  atom  bond  resembles  the  regular  ones.  With  such  a 
distribution  of  bonds,  benzimidazole  (I  a)  must  resemble  naphthalene  [4]  in  its  chemical  ixopertles.  however,  in 
contrast  to  the  latter,  positions  5  and  6,  not  4  and  7,  possess  greater  reactivity  in  the  compounds  examined,  which 
correspond  to  the  less  active  position  in  naphthalene.  The  reason  for  the  above  behavior  of  benzimidazole  is  the 
direction  of  the  effect  of  the  nitrogen  atoms  of  the  heterocycle,  which  is  uansferred  along  a  chain  of  conjugated 
double  bonds.  The  reactive  ends  of  these  chains  are  found  in  positions  5  and  C  because  there  is  a  certain  amount  of 
disruption  in  conjugation  between  these  positions  (Ib). 


From  this  point  of  view,  it  seemed  interesting  to  comjjare  the  chemical  properties  of  4-amino-  and  5-amino- 


u 


m 


It  would  be  expected  that  the  amino  group  In  the  unreactive  benzimidazole  position  4  would  not  noticeably 
affect  the  basicity  of  the  compound,  while  the  effect  of  the  amino  group  in  position  5  must  be  considerable. 


It  seemed  of  interest  to  study  the  effect  of  the  amino  groups  of  these  compounds  on  the  benzene  ring.  This 
study  could  determine  whether  or  not  the  above-mentioned  interruption  in  the  conjugation  between  carbon  atoms 
5  and  6  in  the  benzimidazole  was  retained  with  the  presence  of  an  amino  group  in  position  4;  If  it  was  retained, 
then  the  substitution  reactions  with  compounds  of  type  II  must  occur  preferentially  at  the  o-position  to  the  amino 
group  (position  5);  if  it  was  not  retained,  at  ihe  p -position  (position  7). 

The  preparation  of  5 -am inobenz imidazole  derivatives  did  not  email  any  sort  of  difficulty.  They  were  syn¬ 
thesized  by  the  reduction  of  the  conesponJinr.  nitro  derivatives  obtained  by  the  nitration  of  the  benzimidazoles. 

As  for  the  4-aminobenzimidazole  derivatives,  it  was  necessary  to  synthesize  the  ordinary  iriamincbenzene. 
The  formation  of  the  latter  by  the  decarboxylation  of  3.4,5-trtaminobenzoic  acid  was  -eported  by  Salkowsky  p). 

The  synthesis  of  the  crdiiiaty  ;r»aniiiio‘.cnzenc  was  accomplislied  by  the  following  scheme; 


CCX)H 


Til.  overall  yield  of  uiaii..no  benaene  .as  2--:  '  of  .he  .hecetical.  By  iK-arinr.  .lie  pro  Me.  with  anhydrou. 
forme  aeid,  the  formyl  derivative  of  -I'aminebenaimidaeole  was  obtained,  from  which  the  tee  a  nine  (11)  was  ormed 
by  saponification  with  hydrochloric  acid.* 

By  heatins  triaminobeczene  with  acetic  acid  and  subsequent  saponification,  tlic  previously  reported  by 
Salkcwsky,  4-arnino^-methylbenzimidazoIe  flV)  and  its  acetyl  derivative  were  obtained. 


Attempt  to  obtain  analogous  ptoducts  by  the  fusion  of  ordinary’  iria::iUicS;nze.:e  with  benzoic  acid  and 
phenylacetic  acid  w<rre  unsuccessful  Substances  were  obtained  in  reactions  under  these  conditions,  which  did  not 
contain  amino  groups. and  did  not  cleave  even  upon  prolonged  boiling  with  hydrochloric  acid.  It  is  possible  that 
these  compounds  were  products  of  a  further  cyclization  of  the  acylaminobcnzimdazole  of  structure  (V),  which 
Auwers  and  Fret  e  [9]  tried  unsuccessfully  to  prepare.  For  this  reason,  the  4-amino-2  phenyibenzimiadazoles  and 
4-amino-2-benzylbenzimidazole$  which  were  of  further  interest  and  unreported  in  the  literature,  were  obtained  by 
the  condensation  of  triaminobenzene  and  these  acids  in  a  hydrochloric  medium  in  sealed  tubes  under  pressure  [lOj. 


and 

R  =  CH,-C*H, 


The  4-aminobcnzimidazoles.  as  well  as  the  analogous  5-amino  derivatives  obtained,  were  tiuated 
potcmiometrically.  The  basicity  constants  found  are  given  in  the  Table. 


Comparison  of  the  Effect  of  the  Amino  Group  on  the  Basicity  of  the  Benzimidazole 
Ring 


Expt. 

No. 


Pioduct  studied 


Basicity  constant 
of  the  benzimid- 
■  azole  ring 


Basicity  constant 
of  the  amino 
group _ 


Benzimidazole  I 

.  4-Aminobenzimidazole 
5’-Aminobenzimidazole  ; 

.  4 

I  2-Methylbenzimidazole  i 

\  : 
;  4-Amino-2-methylbenzimidazole  ! 

5-Amino-2-methylbenzinildazole  ! 

i  I 

I  2-Befizylbenzimidazole 

4-Am  ino-2 -be  nzy  Iberuim  idazole 

5  “Am  ino-2  -be nzylbe  nzim  idazole 


10*  • 
10‘* 
lO"’- 

io“*- 

lO"*- 

lO"*- 
lO"*- 
10 


10 

10 


•u.s 


-IS  f 


10 


10 


'tt.  s 


■u  t 


10 


-IL  • 


10 


-ISit 


As  it  is  apparent  fiom 
the  Table,  and  as  was 
expected,  amino  groups 
found  in  position  4.  do  not 
essentially  effect  the 
basicity  constants  cf  the 
benzimidazole  derivative, 
while  those  in  position  5, 
increase  this  constant  by 
about  20  times.  This 
means  that  the  electron 
pau  of  the  amino  in 
position  5  is  shifted 
considerably  toward 
the  imidazole  ring,  in 
contrast  to  the  amino 
group  in  position  4.  the 
electrons  of  which  are 


formyl  derivative  of  4-amltX)benzimidazole  and  the  free  amine  werevery  lecently  obtained  and  repotted  in 
the  literature  [6]  and  were  patented  in  Switzerland  and  England  as  pharmaceuticals,  fteviously.  Wooley  [8] 
believed  that  he  obtained  and  investigated  4-amlnobeaz imidazole;  however,  his  belief  was  based  on  a  major 
chemical  error  [6].  The  audior’s  investigation  proceeded  independentiy  of  die  above. 
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not  shifted  in  this  diiection.  A  logical  conclusion  from  the  above  (if  approximately  equal  effects  of  these  amino 
•r  toi:psor.il.e  .enzene  rii^.  art  assumed)  must  be  that  the  amino  group  found  in  position  4  is  more  basic  dian  tiiat 
in  position  5.  This  fact  which  initially  seemed  unexpected,  meant  that  the  above  assumption  of  the  approximate 
equality  of  riie  effects  of  ffiese  amino  groups  is  untrue,  and  actually,  the  amino  group  in  position  4  shows  a  much 
greater  effect  on  the  benzene  ri:^  than  that  in  position  5.  This  conclusion  was  completely  confirmed  by  the  study 
of  the  nitration  and  azo  coupling  of  reactions  of  derivatives  of  4-  and  o'aminobenzimidazole. 

The  nitration  of  5-acetylamino-2-mefcylbcnzimidazole  is  repeated  in  the  literature  [11);  it  was  shown  that 
the  niuo  group  enters  exclusively  into  position  6  to  form  product  (VII): 


CH,CONHv>^NH 


(VID 

Not  even  traces  of  any  other  isomer**,  p^>iucts  are  to  be  found.  Previously  C21  examining  this  reaction,  it 
was  shown  on  the  basis  of  a  senes  of  facts,  that  its  direction  is  not  detetmined  by  the  effect  of  the  amiiK)  group 
which  must  direct  mainly  to  position  4.  but  of  the  specifically  greater  reactivity  of  positions  5  and  6  in  the  benzi¬ 
midazole  molecule.  This  view  found  experimental  verification  in  experiments  on  the  coupling  of  5 -amino-benzi¬ 
midazole  and  ^-amino-2-roethylbenzimidazolc  withdiazo  compounds 

It  was  found  that  tljese  substances  were  unable  to  couple,  and  even  with  the  most  active  diazo  compounds, 
only  diazoniuir  derivatives  were  formed. which  were  cleaved  byniircral  acids  into  the  starting  products. 

Therciore.  the  amino  group  in  position  f,  of  the  benzimidazole  ring  is  found  in  conjugation  with  the  imidazole 
group  which  has  only  a  slight  effect  on  the  benzene  ring. insufficient  to  enable  these  compounds  to  participate  In 
coupling  reactions. 

The  nitration  of  4-formaminobenzimdazole  ard  -.-acetyl  amino-2-methylben2im:'lazole.  reported  in  the 
previous  communication  [11  occurs  \ery  smoothly  in  concentrated  sulfuric  acid.  As  it  was  accurately  shown,  two 
isomeric  mononitro  compounds  were  formed  in  both  cases,  ortho  (VnO  and  para  (IX),  approximately  in  a  ratio  of 
1:2. 


NO 


NHCOCH, 

2\>Ay^NH\ 


JOIOOCH, 


C-CH, 

a*  * 


-CH, 


(VID)  (IX) 

It  was  found  that  4-aminobenz imidazole  arxl  its  derivatives  readily  participated  in  azocoupling.  The  diazo 
group  entered  exclusively  in  the  p^  position  to  the  amino  group  (position  7)  to  form  p-amir»  dyes  (X). 

Therefore,  the  data  given,  confirming  the  conclusion  given  on  the  basis  of  the  results  of  potentiometrlc 
titration  of  the  benzimidazole  derivatives,  show  that  an  amino  group  in  position  4  of  benzimidazole  has  a  great 
effect  on  the  benzene  ring  of  the  compound;  it  activates  it  and  even  makes  the  azo  coupling  reaction  possible. 

The  substituent  group  enters  mainly  into  the  p-position  to  the  amlrro  group  (position  7)  which  indicates  ffie  absence 
of  interference  in  the  conjugation  between  carbon  atoms  5  and  6  in  the  4-aminobenzimklazole  derivative  molecules 
In  spite  of  this,  for  some  unexplained  reason,  the  amino  group  in  position  4  alnxist  does  nor  interact  with  the 
imidazole  ring.  Ali  of  the  facts  jointly  create  the  impression  that  two  systems  of  conjugation  with  little  mutual 
interaction  are  present  in  molecules  of  4-aminobenz  imidazole  derivatives;  an  aminobutadiere  a»MJ  an  Imidazole. 


EXPERIMENTAL 


4-Aminobeczi>n  id  azole 


10  g  of  uiaminobenzene  was  heated  fot  an  hour  to  reflux  in  a  ffask  with  4f'  rcl  of  &7^  of  formfe  acid.  The 
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ml  Ha  OH  Vi  .*» 

Fig.  1.  Titration  of  5-an3i3l>-2-ti>cthylbcnziiDidazole  Fig.  2.  Titration  of  4”amino-2”incthylbcnzin)idazole 


tea-colored  solution  obtained  was  evaporated  almost  to  dryness  on  the  water  bath,  dissolved  with  heating  in  50  ml  of 
w*ater,  neutralized  with  ammonia,  and  after  cooling,  the  almost  white  precipitate  was  filtered.  The  product  was 
obtained  chemically  pure  after  one  recrystallization  from  water  with  activated  carbon.  The  yield  of  the  formyl 
derivative  of  4-aminobeazimidazole  was  13  g.  m.p.  172-174". 

0.1366  and  0.1422  g  substance:  31.0  (22*.  762  mm)  and  32.3  ml  {23",  760  mm)  1%.  Found 

N  25.3,  26.15.  C,HfON*.  Calculated  N  26.08. 

The  saponification  of  the  formyl  derivative  was  effected  by  a  15  minute  heating  with  lO-lS^J!*  hydrochloric 
acid  The  solution  obtained  was  evaporated  on  the  water  bath  until  the  start  of  crystallization,  and  after  cooling, 
the  precipitated  4-an:iTobenzimidazole  hydrochloride  was  filtered.  Dense,  very  slightly  rose  needles  of  the  product 
were  isolated  in  almost  theoretical  yield,  and  only  traces  of  it  remained  in  the  mother  liquor.  The  product  did 
not  have  a  sharp  melting  point.  L  was  readily  soluble  in  cold  water,  and  free  bate  precipitated  as  an  oil  by  the 
addition  of  ammonia  to  the  solution. 


0.1C2C  g  substance.  18.2  ml  (22",  754  mm).  0.1472  and  0.1513  g  substance:  0.2062  and  0.2119  g 

AgO.  Found  <>1:  N  20.47;  a  34.68,  34.64.  CTH,^;,-2HCl  Calculated;  N  20.4;  Cl  34.5. 

4-Amino -2 -methylbenzimidazole  [5] 

10  g  of  triaminobenzene  was  heated  to  refluz  for  6-8  hours  with  40  ml  of  glacial  acetic  acid.  The  almost 
black  soluQon  obtained  was  evaporated  to  dryness  on  the  water  bath,  the  residue  dissolved  In  hot  water,  and 
precipiuted  vridi  ammonia.  After  cooling  tiie  product  was  filtered  and  lecrystallized  from  water  with  active 
carbon.  Yield  15  g  The  p.-oduct.  die  acetyl  derivative  of  4-aroiJK>-2-methylbenzimldazole,  contained  2  molecules 
of  crysuUizaaon  water  and  melted  widely  at  93-100*. 

The  saponification  of  the  acetyl  derlvame  was  effected  in  the  same  manner  as  m  the  previous  case.  The 
yield  of  the  amine  dihydrochloride  was  almost  quantitative.  The  sait  did  not  have  a  definite  melting  point,  and 
was  readily  soluble  In  water;  the  hec  amine  was  obtained  in  the  form  of  a  tar  by  the  action  of  ammonia. 


4-Amlno-2-phcnylbenzlmidazole 


Experiments  on  the  preparation  of  the  above  product  by  melting  ulaminobenzece  with  benzoic  acid  (1:2) 
at  180*  led  to  the  preparaticn  of  a  substance  not  containing  a  free  amino  group  and  which  was  unchanged  even 
after  prolonged  boiling  with  15*1  hydrochloric  acid.  Evidentlv.  triaminobenzene  formed  compound  (V)  containing 
3  rings  under  these  conditions,  which  was  also  confumea  oy  inc  results  of  elementary  analysis. 
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0.1016.  0.1010  g  fubsttoce:  12.9  ml  N,  (22*.  754  mm);  12.4  ml  N,  (20*.  754  mm).  Found 
N  14.6,  14.2.  C^aN,.  Cakulitcdlt:  N  14.2. 

For  tills  reason.  4-*mino^-j)hcnylbenzimidazole  was  subseQuently  prepared  by  h**ting  2  g  of  tziaminobenzene. 
2  g  of  benzole  acid,  and  5  ml  of  15^ hydrochloric  acid  lo  180*  in  a  sealed  tube.  The  reaction  mass  was  treated  wltii 
ammonia,  and  tiie  product  which  separated  in  tne  form  ot  a  tar,  was  removed  and  recrystallized  from  water  w.th 
hydrochloric  acid.  The  yield  of  the  product,  obtained  In  the  fMm  of  colorless  needles  of  the  dihydrochloride,  was 
0.3  g.  The  salt  did  not  have  a  sharp  melting  point. 

The  base. which  crysullized  from  alcohol  in  the  form  of  needles,  melted  sharply  at  210-211*. 

0.1010  g  subsunce:  0.2772  g  CC^.  0.0482  g  1^0.  hound  C  74.7;  H  5.3.  CuHi,N,.  Calculated 
C  74.6;  H  5.27. 

4-Am  I  no»2~benzylbenz  imidazole 

4  g  of  triaminobenzene  and  4  g  of  phenylacetic  arid  were  heated  with  10  ml  oi  10^ hydrochloric  acid  in  a 
sealed  tube  at  180*  for  2  hours.  The  reaction  rclrture  was  treated  with  ammonia,  and  the  pcodi«ct  precipitated  in 
the  form  of  an  oil  which  rapidly  solidified.  It  was  rec.^rstallized  from  water  containing  hydrochloric  acid,  and 
colorless  shiny  needles  of  the  dlhydroc blonde  were  obtained.  Yield  3.9  g.  m.p.  242-248*.  which  was  not  very  sharp. 

0.1100  g  substance:  13.8  ml  (24*.  758  mm).  0.1456  and  0.1460  g  substance:  0.1414  and  0.1415  g 
Ago.  Founds.:  N  14.37.  Cl  24.05.  24.05.  CuHuNs*  2HC1.  Calculated ‘jk:  N  14.20;  a  24.00, 

The  hydrochloride  of  the  ixoduct  was  converted  into  the  base  by  the  action  of  an  ammonia  solution.  The 
inoduct  was  lecrystallized  from  aqueous  alcohol.  M.p.  152-154*. 

0.1376  g  subsunce:  0.3804  g  CO^:  0.0687  g  h%0.  0.1076  and  0.1115  g  subsunce:  17.8  ml 
(22*.  750  mm)  and  18.6  ml  1^  (24*.  758  mm).  Found  C  75.30;  H  5.54;  N  19.10.  19.10. 

CuH^N,.  CalcuUted  C  75.25:  H  5.83;  N  18.85. 

Potentlometrlc  Titration  of  the  Amino  Derivatives  of  Benzimidazole 

The  potentiometrlc  titration  of  tiiese  compouruis  was  conducted  with  a  vacuum  tube  potentiometer  of  the 
system  GlPKh  with  glass  electrodes  [121  The  values  of  the  basic  consunts  found  are  given  in  the  theoretical  part 
of  the  present  communicaiion. 

Figs.  1  and  2  give  the  curves  obtained  upon  the  potentiometrlc  titration  of  tiie  isomeric  amliK>-2-methyl“ 
benzimidazoles. 

SUMMARY 

Derivatives  of  4-aminobenzimldazo!e  were  prepated  by  the  condemation  of  consecutive  triaminobenzene 
with  organic  acids,  whose  chemical  properties  were  compared  with  those  of  the  5-aminobenzimldazoles.  These 
products  were  studied  by  the  method  of  potenriometric  titration.  The  results  obuined  were  compared  with  tiiose 
of  experiments  on  nitration  and  azo  coupling  of  these  subsunces. 

It  was  shown  that  derivatives  of  4-arolno-  and  b  amlnobenzimidazolc  differ  sharply  from  each  other  in 
chemical  properties.  Whereas  the  amino  group  in  position  4  does  not  Interact  with  the  imidazole  ring  and  strongly 
activates  the  benzene  ring,  that  In  position  5  greatly  affects  the  imidazole  ring  and  practically  docs  not  ^tlvate 
the  benzene  ring  of  these  compounds. 
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SYNTHESir.  CF  y-ruBliT  U1  ED  PY.IIDINES 


M.  V.  Rubtsov.  E.  6.  Nikitskaya,  and  A.  D.  Yanina 

y 'Substituted  pyridines  are  considered  poorly  accessible  con::pounds  because  of  difficulties  connected  with 
the  isolation  of  pure  y-picoline  which  is  contained  in  the  3-picoline  fraction  along  with  S-picoline  and  a,a>lutidine. 
However,  tiiese  difficulties  can  be  removed  by  using  specific  properties  of  the  components  of  the  6-picoline 
fractions.  After  the  removal  of  a.a-lutidine  readily  accomplished  with  the  aid  of  zinc  chloride,  it  is  fully  possible, 
using  the  differences  in  reactivity  of  the  methyl  groups  found  in  the  5-  and  y-positions,  to  choose  such  conditions 
with  which  a  differential  reaction  will  proceed.  In  particular,  .the  possibility  of  oxidizing  y-picoline  to  y-formyl- 
pyridine  in  the  presence  of  E-picoline  was  of  interest 

Up  to  ix>w.  thercwas  no  convenient  method  fcr  the  preparation  of  y-formylpyridlne  [1]  reported  in  the  bterature. 
Nevertheless,  this  compound  is  of  considerable  interest  for  the  synthesis  of  a  whole  series  of  pyridine  derivatives. 


The  experiments  conducted  showed  that  the  differential  oxidation  of  y-picoline  in  the  [xesence  of  6-picoline 
was  possible. 

The  properties  of  y-formylpyridinc  were  investigated,  and  the  condensation  icaction  with  malonic  acid 
and  ester  was  studied. 

Upon  treating  a  toluene  solution  of  y-formylPy^idinc  with  a  50*^  sodium  bisulfite  solution,  a  white  finely 
cry'stalline  powder  precipitated  which  was  a  mixture  of  sodium  yrpyridylhydroxymethanesulfonate  and  sodium 
bisulfite.  Upon  the  crystallization  of  die  mixture  obtained  from  water,  white.  needle*like  crystals  not  containing 
sodium  i»nd  which  were  the  internal  salt  of  y-pyridylhydroxymethanewlfonic  acid,  were  formed.  The  formation  of 
the  internal  salt  occurs  according  to  the  scheme: 


'SOjNa 
j|  ♦  NaHSO, 


+  NatSO, 


which  was  confirmed  by  the  reaction  of  a  specially  prepared  pure  sodium  y-pyridylhydrcxymethanesulfonate  vrith 
an  equimolecular  amount  of  sodium  bisulfite.  An  analogous  uansformation  occurred  by  the  action  of  acetic  acid. 
Tne  formation  of  an  internal  salt  is  also  known  for  a -formylpyridine  p]. 


For  the  separation  of  the  free  aldehyde  (III)  the  sodium  y-pyridylhydroxymethanesulfonate  was  heated  for 
a  short  time  with  potassium  carbonate  solution,  extracted  with  ether  or  chloroform  and  dried  with  potassium 
carbonate  If  the  solvent  was  distilled  off,  then  a  small  amount  of  a  sharps  smell  Lag  liquid  with  b.p.  185-187* 
remained. which  rapidly  crystallized  in  the  air.  The  crystals  were  a  crompound  of  y 'fo.rmylpyridine  with  1  mol. 
of  water. 


A  considerable  part  of  the  aldehyde  distilled  together  with  the  solvents,  which  could  be  detected  by  the 
addition  of  an  alcoholic  solution  of  hydrogen  chloride  to  the  distillate;  the  hydrochloride  of  y -formyl pyridine 
precipitated  in  the  form  of  a  whiter flocculant  residue. 

The  hydrochloride  cryswllized  with  0.5  mol.  of  water  which  could  not  be  removed  at  100*  in  vacuum.  The 
anhydrous  hydrochloride  could  only  be  obtained  by  vacuum  distillation. 


y -Formylpyridine  hydrochloride  readily  condensed  vrith  malonic  acid  and  ester  The  condensation  with 
malonic  acid  proceeded  in  a  glacial  acetic  acid  medium  at  85-90*  witi  the  formation  of  4-(6,6-dicarboxylvinyl) 
p>Tidine  (IV).  The  condensation  with  malonic  ester  proceeded  in  a  pyridine  medium  in  the  presence  of  a  small 
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excess  of  piperidine  (2-S^i  over  the  equimolcculat  aojouni)  with  the  fonnition  of  4-(fl.6-dicarbcthoxyvInyl)p^I<llne 
(vn).  The  reaction  occtr-ed  in  the  cold  upon  prolonged  standing.  Heating  did  not  accelerate  the  process  or  incieaie 

CHO  CH=C(COOH),  CH,CH(COOH), 


(in) 


I 


CHy^CX)OH)^ 


/\ 


(IV) 


(V) 


(VII) 


H^H(COOC^ 


(VD 


4-(6.6-Dlcarboxy\'inyl)p>'ridinc  (IV)  was  partly  decaiboxylated  by  heatup  witfi  an  alcoholic  hydrogen  chlwlde 
solution,  which  was  shown  by  the  precipitation  of  ethyl  6-^pyridyl-4)-acrylate  from  the  reaction  mixture.  For  this 
reason.  4-(E,6-dicarbcthcx>'vinyDpjTidinc  (VII)  could  not  be  obuined  by  esterification.  (VU)  also  could  not  be 
obtained  by  means  of  the  acid  chloride, since  thionyl  chloride  reacted  with  4^5. Sn3icarboxyvlnyl)pyridinc  only  at 
70-75*,at  which  a  partial  decarboxylation  occuned. 

Much  more  stable  is  4-(S.e-dicarboxye^yl)piperidine  (V)  which  was  readily  obtained  by  the  hydrogenation 
of  (IV)  hydrochloride  in  4^  hydrochloric  acid  in  the  presence  of  a  platinum  caulyst  (according  to  Adams). 


4-(6. 6 -die arbethxoxycthyl) piperidine  (VI)  was  formed  in  good  yield  by  the  esterification  of  (V).  Hydrogenation 
of  (VII)  over  a  plaunum  catalyst  in  absolute  alcohol  also  led  to  the  formation  of  (VI),  The  latter  compound  was 
converted  into  2'<)uinuclidlneca:boxylic  acid  by  means  of  the  corresponding  bromo  derivative  [31 

EXPEkIMENTAL 

Isolation  of  the  Interna!  Salt  of  y -Pyridylhydroxymethanesulfonic  acid  fll). 

10  ml  of  a  50^  sodium  bisulfite  solution  was  added  to  a  toluene  solution  of  2.42  g  of  y -formyl pyridine,  ob¬ 
tained  by  the  oxidation  of  y-picoline,  cooled  to  0*.  stirred  until  the  formation  of  mushy  mass  cn  the  bononi  of  the 
beaker,  the  licuid  poured  horn  it.  and  the  residue  added  to  50  ml  of  alcohol,  h  was  thoroughly  mixed  and  filtered. 
The  residue  was  washed  s^th  alcohol,  ether,  and  air  dried.  7  3  g  of  a  white  crystalline  powder  was  obtained  which 
was  a  mixture  of  sodium  y -pyTidylbydroxyirethanesulfonare  and  sodium  bisulfite. 

Upon  lecrysallization  fxo.m  water,  white  shiny  necdlellke  crystals  of  die  internal  salt  of  y-pyrld  yl  hydroxy- 
methanesulfonic  acid  were  obtained.  The  substance  is  readily  soluble  in  hot  water,  moderately  in  the  cold;  it  is 
insoluble  in  the  common  organic  solvents  and  does  not  melt. 

3.470  mg  substance:  4.fe31  mg  CO^*  1.247  mg  H|0.  6.371  mg  subsunce:  3.37  ml  0.01  N  H1SO4. 

0.1615  g  subsunce;  O.JSIO  g  BaSO^  Found  ‘5k:  C  37.99;  H  4.02;  N  7.41;  S  16.85.  C4H7O4NS. 

Calculated'S*;  C  38.09.  H  3.70;  N  7.40:  S  16.93. 

Conversion  of  the  Internal  Salt  of  y -Pyridylhydroxy methanesulfonic  Acid  into  the 
Sodium  Salt  and  the  Reverse. 

2.25  ml  of  a  IN  solution  of  sodium  hydroxide  was  added  to  0.56  g  of  the  \rscm»l  salt  of  y-pyrid  yl  hydroxy- 
methanesulfonic  acid.  50  ml  of  absolute  alcohol  was  added  to  the  solution  formed,  and  shaken.  The  precipitated 
residue  was  filtered,  washed  with  ether,  and  dried  in  vacuum.  Weight  of  the  residue,  0.59  g.  Yield.  95  ‘Sk  of  the 
theoteticaL 


0.1049  g  subsunce;  0.1199  g  BaSO^  0.1044  g  subsunce;  0.0325  g  .Na,S04.  Found  ‘5k;  S  15.69;  Na  10.91. 

C4H404NSNa.  Calculated  ‘5k.  S  15.16.  Na  10.90. 

0.17  g  of  dry  sodium  bisulfite,  freshly  precipiutcd  from  a  50‘5k  alcoholic  solution  with  alcohol,  was  added 
to  0.33  g  of  sodium  y-pyridylhydroxymethanesulfonare  obuined  from  the  Internal  salt.  Tlie  mixture  was  rccrysul- 
lized  from  water.  Tne  precipiute  was  washed  with  alcorjol  and  ether,  and  dried  In  vacuum  at  120*.  0.25  g  of  the 
substance  was  obuined.  Yield,  e5‘5k  of  the  thieo-.etical. 
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3.553  mg  substance:  4.940  mg  C(^i  1.316  mg  6.834  mg  substance:  3,47  ml  0.01  N  i^SOu. 

Found  %:  C  37,83:  H  4.13;  N  7.10.  CjHjQjNS.  Calculated  ‘Jk:  C  38.09;  H  3.70:  N  7.40. 

y -Formyl pyridine  Thiosemicarbazone 

If  die  toluene  filtrate,  conulning  3.1  g  of  y-formylpyridine  was  stirred  for  one  hour  with  a  solution 
of  2.63  g  of  thlosemicarbazide  in  13  ml  of  water  a?  70-75*,  a  greenish  crystyalline  precipitate  widi  m.p.  213-214* 
formed.  The  residue  was  poorly  soluble  in  alcobd.  insoluble  m  water,  acetone,  and  ether.  Yield  5  g  or  96  of 
the  Aeoretical.  After  recrysullizatlon  from  alcohol,  the  substance  melted  at  215-217*  with  decomposition 

6.135  mg  sub«ance:  7.971  mg  BaSQ*.  Found  %  S  17.84.  CjH,N4S.  Calculated  %  S  17.78. 

Upon  treating  the  thiosemicarbazone  with  10^  hydrochloric  acid,  a  bright  yellow  precipitate  which  was 
the  thiosemicarbazone  hydrochloride,  melted  at  238.5-239.5*  after  recrysullizaUon  from  50^  alcohol.  If  dis¬ 
solved  in  cold  water  at  a  ratio  of  1:90.  it  was  precipitated  from  the  solution  with  an  excess  of  hydrocbltxic  acid. 

0.2262  g  subsunce:  0.2402  g  BaSQ*.  Found  S  14.58.  C7H*N4S*HC1,  Calculated  <3k:  S  14.78. 
Isolation  of  Free  y “Fo«'mylpyridine  (111) 

7.6  g  of  the  impure  sodium  salt  of  y-pyi*d  yl  hydroxyraethanesulfonic  acid  was  heated  on  the  water  bath 
for  5  minutes  with  15  ml  of  water  and  30  ml  of  a  50^  potassium  carbonate  solution.  The  precipitate  went  into 
solution,  and  the  sharp  characteristic  odor  appeared. 

The  hot  solution  was  rapidly  extracted  with  chloroform  (in  ether,  the  aldehyde  is  less  aoluble).  The  chloro¬ 
form  extract  was  dried  with  potassium  carbonate  and  evaporated  in  vacuum.  1.56  g  of  a  colorless,  mobile  liquid 
remained  which  distilled  at  185-187*  and  was  y -formyl pyridine.  The  compound  obtained  was  characterized  by  its 
volatility,  and  a  considerable  imount  is  transferred  into  the  distillate  upon  evaporation  of  the  soluuon. 

y-i^ormylpyridine  rapidly  absorbed  moisture  from  the  air  and  was  converted  into  a  crysulllne  compound 
melting  at  58-60*.  The  crystallohydrate  dissolves  readily  in  water  and  alcohol,  less  in  ether. 

3.990  mg  substance:  8.481  mg  CO^;  2.267  mg  HtO.  4.752  mg  subsunce:  10.103  mg  CP|;  2.371  mg  1%0. 

4.308  mg  substance:  4.34  ml  0.01  N  H1SO4.  5.912  mg  subsunce:  4.80  ml  0.01  N  1^604.  Found 

C  57.96,  57.98;  H  5.82,  5.58;  N  11.44.  11.38.  CjHjON-  H,0.  Calculated  C  57.60;  H  5.60;  N  11.20. 


2.09  g  of  y-formylpyridlne  hydrochloride  was  formed  from  the  chloroform  distillate  by  means  of  an  alco¬ 
holic  solution  of  hydrogen  chloride.  The  total  yield,  based  on  the  sodium  salt  of  y-pyridylhydroxymethanesulfonic 
acid,  was  78^  of  the  theoretical.  y-Formylpyridine  hydrochloride  was  a  white  powder  readily  soluble  in  water  and 
alcoliol,  poorly  in  chloroform,  and  insoluble  in  ether.  It  contained  0.5  mol.  of  water.  M.P.  132-134*. 

5.800  mg  substance:  0.469  ml  N,  (25*.  730.5  mm).  5,143  mg  subsUuce:  0.422  ml  It  (25*.  730.5  mm). 

4.597  mg  subsunce:  4.381  mg  AgCl  5.989  mg  subsunce:  5.702  mg  AgQ.  Found  N  8.90.  9.03; 

Cl  23.59,  23,55.  C4H40N*  HCl*  0.5  H,0.  Calculated  %  N  9.18:  a  23.28. 

y -Formyl pyridine  hydrochloride  was  distilled  in  vacuum  upon  heating  and  lost  its  water  of  cr/sullization. 

The  anhydrous  hydrochloride  melted  at  159.5-161.5*.  However,  it  rapidly  absorbed  water  and  was  again  converted 
Into  the  compound  with  m.p.  132-134*. 

8.00  mg  subsunce:  0.684  ml  1^  (21*.  728.5  ram).  Found  1b:  N  9.52.  CjHjQN-HCl.  Calculated  N  9.75. 
4-<g.8-Dicarboxyvlnyl)pyrldine  (IV). 

3.1  g  of  y^ormylpyridine  hydrochloride.  2.26  g  of  malonic  acid,  and  7.5  ml  of  glacial  acetic  acid  were 
heated  with  stlning  on  the  water  bath  to  85-90*.  Everything  went  into  solution  at  40-50*.  while  at  80-65*.  a  pre- 
clpiutc  began  to  form.  It  was  stined  at  85-90*  for  45  minutes,  filtered,  washed  with  glacial  acetic  acid  and  dien 
with  ether,  and  air  dried.  3.8  g  of  4-(6,6-dicarboxy vinyl)  pyridine  hydrochloride  with  m.p.  219-220*  was  obuined. 

Yield  811b  of  rile  theoreticaL  The  subsunce  was  soluble  in  water,  and  insoluble  in  alcohol,  eriier,  and  acetic  acid. 

3.448  mg  subsunce:  5.993  mg  CC\;  1.133  mg  H,0.  3.619  mg  substance:  2.278  mg  AgO.  6.289  mg  subsunce; 

3.906  mg  AgCl.  Found  1b:  C  47.40;  H  3.67;  Q  15.57,  15.37.  C^4j04h*  HCL  Calculated  C  47.05,  H  3.48; 

a  15.47. 

In  oeder  to  separate  the  free  4-(8.B-dicarboxyviny^pyridine.  the  hydrochloride  was  mixed  with  an  equivalent 
amount  of  sodium  aceute  in  aqueous  solution.  The  precipiutc  which  came  out  was  filtered,  washed  with  water, 
alcohol,  and  ether,  and  air  dried. 
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4-(B.5-Dicarboxyvlnyl)pyri(line  w$  not  soluble  in  water  or  in  the  usual  organic  solvents.  Mp.  263-265* 
(vith  decomposition).  It  crystallized  with  1.5  mol.  <rf  water. 


7.533  mg  sabstancer  3.60  irl  0.01  N  5.640  mg  subsunce:  2.61  ml  0.01  N  1%S04.  Found  V 

N  6.54.  6.46.  C,H704N*  1.5H,0.  Calculated^  N  6.36. 

Upon  drying  in  vacuum  at  100*.  4-(S.3-dicarboxyvinyl)pyrIdine  loses  its  crysuUization  water. 

4.936  mg  subsunce:  2.68  ml  0.01  N  1^604.  3.126  mg  substance:  1.62  ml  0.01  N  1^604.  Found  ^ 

N  7,32.  7.25,  C,H704N.  Calculated  N  7.25. 

4-(E  ,3 «Dicar boxy ethvll piperidine  (VI. 

A  solution  of  4-( 6, 6 -dicarboxy vinyl) pyridine  hydrochloride  in  50  ml  of  hydrochloric  acid  was  hydrogen¬ 
ated  at  room  teirpeuture  In  the  presence  of  0.3  g  of  j^.atirum  oxide  at  40-60  mm  of  water  pressure.  The  ahsorp- 
tk)n  was  completed  in  5*6  hours.  The  catalyzate  was  filtered,  washed  with  a  small  amount  of  distilled  water,  fil¬ 
tered.  evaporated  in  vacuum  at  30*  until  a  slurry  was  cbuined,  the  residue  filleted,  washed  with  absolute  alcohol 
and  ether,  and  dned  in  a  vacuum  desiccator.  Coarse,  shiny,  colorless  crysuls  wltii  m.p.  237-C39*  were  obtained 
in  a  3.27  g  quantity.  Yield  91  ^  of  the  thcoreticaL  The  substance  v.4»s  readily  soluble  in  water,  difficultly  in  al¬ 
cohol.  and  insoluble  in  ether. 

3.072  mg  substance:  5.128  mg  CO^;  1.871  mg  H^O.  5.032  mg  subsunce:  5.030  mg  AgCl.  Found 
C  45.52;  H  6,81;  Cl  14.90.  C,H|404N*  HCl.  Calculated  %  C  45.47;  H  6.74;  Cl  14.94. 

In  order  to  separate  the  free  4-(fi,8-dlcarboxye»hyl)pipcridine.  the  hydrochloride  was  mixed  with  an 
equivalent  amouiu  of  sodium  accute  and  a  small  amount  cf  water.  The  residue  obuined  was  washed  with  water, 
alcohol,  and  ether,  and  dried  in  a  vacuum  desiccator.  4-(8.6  Dicarboxyethyl)piperidine  was  obtained  in  die  form 
of  wldte  fine  crysuls  with  m.p.  255.6-256*  (with  decoraposltiou).  Tne  subsunce  was  readily  soluble  In  water. 

5.247  mg  subsunce:  2.60  ml  0.01  N  l^SQ*.  Found  N  6.67.  C,H,04N.  Calculated  5»:  N6.96. 

4-f fe,S-Plcarbethoxyethyl)plperidlne  (VI) 

8  g  of  4-(5.£-dicarboxyethyl)pipetidine  hydrochloride  was  heated  widi  80  ml  of  a  4^  alcoholic  solution  of 
hydrogea  chloride  for  2  hours  with  boiling,  and  the  alcohol  was  then  removed  in  vacuum.  The  residue  was  heated 
with  £  hesh  portion  of  4‘Jc  alcoholic  hydrogen  chloride  solution  for  2  hours  more,  the  alcohol  renoved  in  vacuum, 
the  residue  treated  with  an  excess  of  a  50^  potassium  ca/Donate  solution,  and  extracted  with  ether.  The  ether  extract 
was  dried  with  pousium  carbonate,  filtered,  and  treated  with  an  alcoholic  soluuon  of  hydrogen  chloride  to  a  weakly 
acid  solution  on  Congo.  The  preclpluted  shiny  residue  was  filtered,  washed  with  ether,  and  dried  in  a  vacuum  desic¬ 
cator.  7.8  g  of  4-(3.£-dkarbethoxyethyl)plpendlne  hydrochloride  with  m.p.  128-129*  [3)  was  obUined.  Yield  79.o*|t 
of  the  theixetical.  The  substance  was  readily  soluble  In  water,  akchol,  cMoroform.  and  insoluble  in  ether. 

3.805  mg  substance;  7.448  mg  CC\;  2.665  mg  1^0.  3.841  ii?g  subsunce:  7.516  mg  CP|.  2.654  mg  1%CX 
7.147  mg  substance:  2.52  ml  0.01  N  Found  ‘Jt:  C  53.38,  5C  37;  H  7.84,  7.73;  N  4.94.  CaIW34N* 

•  HO.  Calculated  C  53.15;  H  7.80;  N  4.77. 

4-(3.e-Dicarbethoxyvlnyl)pyridlDe  (VII) 

3.3  g  of  y-forrayipyridine  ester.  3.53  g  of  malonic  ester  8,6  ml  of  pyridine,  and  3.3  ml  of  piperid¬ 

ine,  were  left  to  stand  in  a  closed  flask  for  4  days  at  room  temperature  (about  15^.  The  precipitated  residue  of 
piperidine  hydrochloride  was  filtered,  the  fUtrate  was  evaporated  in  vacuum  at  50*.  die  residue  was  diluted  with 
60  ml  of  dry  ether,  the  pxecipiuted  piperidine  hydrochloride  was  filtered  once,  Lhc  ether  filtrate  was  washed  with 
16^  sodium  carbonate  solution,  and  dried  with  potassium  carbonate,  "ihe  edier  was  removed,  and  the  residue  was 
vacuum  distilled coUecting  the  fraction  with  b.p.  176-178*  at  7  mm.  Yield  3.3  g,or  62<Jkof  the  theoretIcaL 

In  order  to  prepare  the  hydrochloride,  the  compound  obuined  was  dissolved  in  absolute  ether,  and  a  »lu- 
tion  of  hydrogen  chloride  in  alcohol  added,  to  a  weakly  acidic  reaction  on  Congo.  3.6  g  of  a  substance  with  m.p. 
180-182*  p)  was  obuined  after  many  rccrysuUizatlons  from  alcohol.  The  yield  of  the  hydrochloride  based  on  the 
edicr  was  97*Jt  of  the  theoretical. 

7.221  mg  subsunce:  2.49  ml  0.01  N  H1SO4.  7.140  mg  substtve:  2.15  ml  0.01  N  3.948  mg » 

subsunce:  2.101  rag  .AgO.  Found  5»;  N  4.82,  4.90;  a  12.53.  CuHuOuN •  HCl.  Calculated  V  N4.90; 

Cl  12.42. 
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4-(6.6  Dic*ibethoxyethyl)plpcrdlne  [3]  wa»  obuined  by  tb«  hydrogenation  of  4-<B.e-<iicarbcihoxyTinyl) 
pyridine  hydrochloride  In  absolute  alcohol  over  platinum  oxkie. 

SUMMARY 

A  series  of  y*^onnylpyrldlne  derivatives  vas  prepared  and  their  condensation  with  roalonic  acid  and 
ester  was  studied. 
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SYNTHESES  BASED  UPON  ANABA  SINE 
V .  STUDY  CF  THE  TRANSFORMATION  PRODUCTS  OF  N-(3-HYDRDXYETHYl)ANABASINE 
A.  S.  Sadykov.  O.  S.  Otioshchenko.  and  M.  K.  Tusupov 

The  synthesis  of  anahasine  amino  alcohols  and  the  transfornunops  of  N-(S-hyd^xye!h>l)arabaatne  were  re¬ 
ported  In  the  previous  communications  [1,2].  The  experimental  data  of  the  chemical  characteristics  of  N^S*hydro- 
xyethyl)aiiabaslne,  and  the  products  of  its  transformation  are  given  in  the  present  communication  . 

Reisents:  16  g.  ethylew  oxide.  4.3S  g.  ,  The  .ubenoe  (1)  used  for  the  taveRlgwlon  «« 

Reaction condlUont:  temperature.  18-20‘.  .olume  obtained  and  purified  aa reported  prevlooil,  Rl  There- 

action  of  anahasine  with  ethylene  oxide  was  acconaplished 
at  room  temperature  in  methyl  and  ethyl  alcohol  solutions 
at  various  reaction  times,  with  the  reagents  used  in  equi- 
molecular  amounts.  The  results  obtained  ar^  given  in  Hie 
Table. 

As  is  apparent  from  the  dau  given,  better 
yields  of  N  'hydro xyethyl)anabasine  (U)  were  obtained 

in  absolute  alcohol  with  a  reaction  time  of  96  hours. 

N-(C -Hydroxy ethyl)anabasine  was  characterized 
by  the  preparation  of  salts:  the  hydroiodide  with  m.p. 
204-2)5*,  the  hydrochlcrlde  wiHi  m.p  193-19-1*,  the  jdc- 
raie  with  m.p,  180-181*,  the  pncnylutcihane  with  m.p. 
143-144*.  and  the  acetyl  derivative  ‘41 

During  a  study  of  the  dehydration  reaction  of  N- 
(6-hydroxyethyl)anabaslne  with  phosphoric  anhydride,  a  crystalline  product  widi  m.p.  53-64*  vras  isolated  containing 
condensed  tupinlne  and  pyridine  rings.  The  new  compound  was  called  4.5(c.3‘1>yridylene)co:lupinane  (11^  It  was 
readily  soluble  in  organic  solvents  (ether,  chloroform,  benzene),  and  more  poorly,  in  water.  It  gives  a  crystalline 
plcrate  with  m.p.  201-202*. 

A  series  of  experiments  showed  tlut  the  optimum  temperature  conditions  for  the  dehydration  of  N-(fl-hydroxy- 
ethyl)anahasine  with  phc*sphor‘c  anhydride  he  within  the  limits  120-130*  (Yield  16.5^).  Below  120*.  the  reaction 
did  not  occur.  Above  140*,  the  reaction  pioceeds  with  strong  tarring,  which  is,  evide.'’tly,  due  to  the  polymerization 
of  vinylarubasine  formed  during  the  reacUo.nprocess. 

The  structure  of  4,5-(a.6-pyrldylene)noilupinanc  (HQ  was  proved  by  its  oxidation  with  potassium  perroangaa- 
ate;  a  dibasic  acid  was  Isolated  with  m.p.  229  230*.  A  study  of  the  properties  of  this  acid  (IV)  [5]  and  its  anhydride 
(V)  [61  made  It  possible  to  conclude  quinolinic  acid  was  formed  by  this  reaction.  A  direct  coraparlmn  of  Hie  acid 
with  the  quinolinic  acid  obtained  by  the  oxidation  of  quinoline  showed  their  identity. 

The  formation  of  quinolLiic  acid  during  the  oxidation  of  4.5-(«,6-pyridylene)iiD?lupLnane  showed  that  during 
the  dehydrauon  of  N-(fi-hydroxyethyl)anahasine  with  phosphoric  anhydride  the  rt.»»g  clo$*cc  occurs  by  means  of  Hie 
hydroxyl  of  the  side  chain  and  the  hydrogen  of  « -carbon  atom  of  the  pvridLnc  rirg. 

The  preparation  of  N-(fi 'hydroxyethyl)anaba$ine  and  its  chemical  t*n$fonnations  can  l*e  tenresented  by  Hie 
following  scheme: 


of  solvent.  50  ml. 


Solvent 

Experi- 

msnt 

time 
(in  hrs.) 

Yield  of  N- 
[B  hydroxy- 
«;thyl)ana- 
basine 

Amount 
of  ana- 
baslne  re¬ 
covered 

tin ‘2=) 

(In^) 

Methyl  alcohol 

24 

36 

57 

Methyl  alcohol 

48 

39.8 

50 

Methyl  alcohol 

96 

43 

29 

Absolute  ethyl  alcohol 

24 

40 

55 

•  • 

38 

47 

47 

•  •  » 

48 

59 

2C 

•  •  • 

96 

70 

13 
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♦  CH,-Ch^ 


-H,0 


-COOH 

-COOH 


-H,0 


N  (I) 


— CO 


Reaction  of  Anabaf ine 


EXPERIMENTAL 

(II  with  Ethvlene  Oxid« 


49  g  (1,11  iroleO  of  ethylene  oxide  w«  passed  with  cooling  and  shaking  into 
a  solution  of  180  g  (1.11  moles)  of  anabasine  in  360  ml  of  absolute  alcohol.  The  re« 
action  mass  was  left  to  stand  at  room  teirperaturc.  After  96  hours  the  alcohol  was  distilled  from  ti,  and  the  residue 
(a  dark  oil)  was  vacuum  distilled.  Two  fractions  we»e  cbtaired:  l)b,p  110-12'^  (2  mm).  43.7  g  (24.3  *?>),  anabasine; 
2)  b.p.  142-144*  (2  mm).  146.6  (64.0^).  N-(o  •hyd'Ox>ethy!)a-ahasine.  The  second  fiaction  was  redistilled  at  174- 
1 16*  (5  mm)  in  the  form  of  a  thick  oil. 

Phenylur ethane.  0.55  g  of  phenyl  isocyanate  was  added  ro  a  solution  of  1  g  N-(£-hyd:oxyethyl)anabasine  (IQ 
In  12  ml  of  dry  petroleum  ether  with  shaking.  The  mixture  was  heated  for  seve-a!  mLn-jtes  oti  the  watei  bath.  A 
crystalline  substance  precipitated  on  standing,  which  was  filteted  and  washed  with  a  small  amount  of  absolute  ether. 
After  recrystaliizatlon  &om  alcohol,  the  phenylurethane  had  an  m.p.  143-144*. 

2.550  mg  substance:  0.322  ml  (25*.  721  rom).  2.954  mg  substance:  0.372  ml  N|  (28*.  720.5  mrP). 

Found  <50:  N  12.97,  13.14.  Ci^jC^N,  Calculated  N  12.91. 

The  picrate  precipitated  upon  mixing  alcoholic  soluhoiis  of  N-<S'hydtoxye:hyl)anabasine  and  picric  acid. 
After  recrysullization  from  alcohol,  the  ro  p.  was  180-181*. 

The  hydrochloride  was  obuined  In  the  form  of  a  thick  oil  upon  mixing  acetone  solutions  of  N-(E-hydroxy- 
ethyl)anabasine  and  hydrogen  chloride.  The  oil  was  conveied  Into  crystals  upon  standing  After  tecrysulllzatlon 
from  a  mixture  of  alcohol  and  acetone,  it  had  as  m.p.  193-194*. 

The  hydroiodrde  was  obuined  by  adding  a  solution  of  hydtiodic  acid  to  a  soluuon  of  N-(6-hydroxyethyl)ana- 
basine  in  methyl  alcohol. 

Acetyl  Derivative  of  N-(  c  -  Hydroxy  ethyl)  anabasine . 


14  g  (0.07  mole)  of  N-(3-hydroxyethyl)anabasinc  and  8.0  g  (0.13  mole  of  acetic  anhydride  dissolved  in 
12C  ml  of  pyridine  were  heated  on  the  boiling  water  bath  using  a  reflux  condenser  equipped  with  a  calcium  chlor¬ 
ide  tube  for  4  hours  The  pyridine  and  excess  anhydride  were  removed  and  the  residue  w  v$  vacuum  distilled.  A 
fraction  with  b  p.  179-183*  (2  mm)  was  obtained;  yield  I4  1  g  (P3  7^)  The  subsunce  was  an  oil  readily  soluble 
In  organic  solvents  (ether,  benzene,  acetone,  alcohol),  aud  poorly  soluble  in  water. 

Dehydration  of  N-(S -Hydroxyethyllanabaslne 

A  mixture  of  10  g  of  N-(£-hydroxyethyl)anabaslj»e  and  9  g  of  phospbo.ric  anhydride  was  heated  on  a  oil 
bath  f<x  2  hours  at  120-130*  In  a  flask  with  a  teflux  condeoset  (equipped  with  a  calcium  chloride  tube.)  The  reac¬ 
tion  product  was  dissolved  in  a  Small  volume  of  hot  water  and  was  treated  v^lth  a  40^  sodium  hydroxide  solution. 
The  alkaline  solution  was  saturated  with  potassium  carbonate  and  extracted  with  chloroform.  The  tarry  mass  ob¬ 
tained  after  the  removal  of  the  chloroform  was  dissolved  In  acetone.  A  white  crystalline  precipitate  with  m.p. 
53-54*  formed  in  the  acetone  solution  on  standing.  The  yield  of  4.5-(a.8  P>Tidylei^)norl'jpdnane  (IIQ  was  1.05  g. 
16.4^  of  the  theoteticaL 

Oxidation  of  4.5-(fl.5-pyTidylene)noTlupmane.  0.35  g  of  4,5-(«.S-pyrldylenc)norlupInane  in  20  ml  of  water 
was  mixed  with  a  solution  of  2.5  g  of  poussium  permanganate  in  70  mi  of  water.  The  solution  was  heated  for 
several  hours  on  the  boiling  water  bath.  The  excess  of  the  oxuilzL'>g  agent  was  then  decolorized  by  tfie  addition 
of  alcohol.  The  filtrate  after  the  temo'-al  of  the  manganese  dioxide,  was  evaporated  or  the  water  bath  to  a  small 
volume  ard  neutralized  with  15^  hydrochloilr  acid  The  acid  was  p-ecipitated  from  the  neutralized  solution  as 
the  copper  ult  by  the  addition  of  copper  acetate  The  copoer  salt  obtaricd  was  decomposed  with  hydrogen  sul¬ 
fide.  The  filtrate  after  the  Tcmoval  of  the  copper  sulfide  p'etipirate  was  evspo-iicd  to  a  small  volume  until  the 
formation  of  crystals  staned.  The  precipuaicd  crysuls  were  filter  a.-n!  recrystaJllzed  from  hot  water  with  the 
addition  cf  acUve  carbon  The  quinolinic  acid  obtained  was  CT^sialline  wtsur^re  with  rc  p  228-229*  vield 
0  21  g  <67.7^k). 
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I. ;:^  mg  substance:  0.1.8  ml  (25*.  723  mcD).  2.42C  mg  substance:  0.2c2  ml  (28*.  723  mm). 

Fosnd'^:  N  9.09.  8.60.  CtH804N.  Calculated  V  N  8.38 

II. 015  mg  acid:  1.33  ml  0.1  N  NaOH.  S.SCSing  acid:  1.03  ml  0.1  N  NaOH.  Found:  Equivalent 

84.7,  83.1.  C7H5Q4N.  Calculated:  Equivalent  83.5. 

■  Acid  anhydride.  C2  mg  of  the  finely  ground  quinolinic  acid  obtained  by  the  oxidation  of  N-(6 -hydroxyediyl) 
anabasiac  in  200  rog  of  acetic  anhydride  was  beared  on  an  oil  badi  at  120-123*  until  complete  solution  of  the  acid. 

Then  after  a  &oxt  heating  at  150*,  die  reaction  product  was  cooled  and  dissolved  in  carbon  tetrachloride.  On  standing,  slow 
psecipiiatiOQ  of  a  crystalline  product  started  in  die  solution.  On  the  following  day,  the  crysuk  were  filtered  aiu!  washed 
widi  caibca  t&rachloride.  Crysuls  in  the  form  of  duny  laisros  with  ro.p.  133-134*  were  obtained  after  drying.  Upon 
heating  the  anhydride  with  resorcin  on  the  water  bath,  a  yellow  fluorescent  color  was  obtained.  This  is  a  characteristic 
reacdoit  for  quinolinic  anhydride  (V). 

SUXIMARY 

1.  The  reaction  of  equimolar  amounts  of  anabasine  and  ethylene  oxide  in  roediyl  and  absolute  ethyl  alcho- 
lic  media  was  studied.  The  best  yields  (69^)  of  N-<5*hydroxyethyl)aiubasine  were  obnined  by  conducting  the  reac¬ 
tion  in  abseduts  alcohol  at  room  temperature  for  96  bous. 

2.  The  hydreiodide  %rith  m.p.  204-205*.  the  hydrochloride  with  m.p.  193-194*.  the  picrate  with  ro.p.  180-181*. 
and  the  pfcenylurcthane  with  m.p.  143-144*  were  prepared  to  characterize  the  N-<8-hydroxyethyl)anabasine. 

3.  The  dehydration  reaction  of  N-(o*hydroxyethyl)anabasine  by  phosplxsrlc  anhydride  was  studied.  A  new  corn- 
pound  called  4.5-^a.6’t)yridylen«)norlupinane  (IE)  was  obtained.  The  saucrore  of  this  compound  was  proved  by  oxida¬ 
tion  to  i:y:inQ?!r!c  acid  arid  the  Freparationof  the  axihydride  of  the  laner.  It  was  shovm  tfiat  the  dehydration  of  N-(6* 
hyxlrozyeth7l)anabasine  occurs  by  means  of  the  hydroxyl  group  of  the  alcohol  and  die  hydrogen  of  the  a -position  of  the 
pyridine  ring. 
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SYNTHESIS  OF  N.O-PEPTIDES  OF  SERINE 
M.  M.  Botvmlk,  S.  M,  Avaeva,  and  E.  A.  Miistryukov 

In  relation  to  the  study  of  the  role  of  the  hydroxyl  In  proteirj.  it  was  found  necessary  to  synthesize  peptides 
of  serine,  not  only  widi  the  amino,  but  also  with  the  hydroxyl  group. 

More  than  once  it  has  been  suggested  in  the  literature  that  tsit*  linkages  existed  in  proteins,  or  more  axxur- 
ately,  in  systems  of  proteins  [i].  But  this  suggestion  has  only  been  a  hypothesis  up  to  now.  unproved  experimentally. 
For  the  experimental  solution  of  this  problem,  it  was  necessary  to  initially  study  the  properties  of  ester  iLnkages  for¬ 
med  by  aminoacids  and  the  hydroxyl  groups  of  B'^ydroxyamioo  acids. 

For  this  purpose,  methods  of  synthesis  were  developed  during  the  present  investigation  and  a  series  of  N,0- 
peptides  of  serine  was  obnlned. 

The  N.O-peptldcs  are  considered  to  be  those  farmed  by  the  amino  and  hydroxyl  groups  of  B-hydroxyamlno 

acids. 

The  number  of  synthesized  peptides  of  g*hydroxyamino  acids  is  very  smai.  ^S].  The  first  peptide  of  threo¬ 
nine  was  first  synthesized  in  1950  [2],  while  the  N.OiJepudes  are  scarcely  studied.  In  the  majority  of  cases,  they 
have  only  been  obtained  as  side  products  during  the  synthesis  of  peptides  of  hydroxyamlno  acids. 

Thus  in  1927.  N.O-dl(acetyldchydrophenylaIanyl}serlne  was  obtained  during  the  condensation  of  serine  widi 
2-methyl-4-benzal-6-oxazolone  Ln  addition  to  the  N-peptide,  which  was  not  studied  furthei  by  the  authors  PX 

N.O-dityiosylserine  was  obulned  in  1932  [4X  and  in  1949.  at  the  conclusion  of  the  present  Investigation, 
a  communication  /opeared  on  the  synthesis  of  th?  ethyl  ester  of  0-(N'bcnzoylphenylalanyl)-N-benzoylserinc  PI 
These  concluded  the  instigations  on  N.Opeptidcs  of  6-aroinohydtoxy  acids. 


The  reaction  between  acylated  amino  acid  halides  and  oxazolones  of  serine  and  its  derivatives  was  used  foe 
the  synthesis  of  H.O-peFCide*.  of  serine: 


CH|-CH-CCX)H 
OH  NHg 


♦ 


R*CCNHCH(19COa 

or 


RCH-CO 

I  I 


CHL-CH-COOH 

I  I 

9  NHCOCH(R) 
;  NH 

t  I 

COCHR  COR’ 

I 

NHCOR* 


Initially,  the  above  reaction  was  applied  to  the  condensation  of  R-methyM-benzal-S-oxazolone  with  senne. 
The  yield  of  N,0-dlacetyldehydrophenyUlanylscrme  (1)  was  Increased  by  varying  several  of  the  reacUon  conditions. 
Tlie  latter  compound  was  hydrolyzed  by  hydrogen  over  palladium.  N,0-d  la  cetyl  phenylalanylserlne  ilQ  was  first  ob¬ 
tained  by  the  authors  as  a  result: 


CI%-CH-COOH 

^  i!ihcoc=chc*H| 

I  JiHCOCH, 

COC=CHC«Hs 

NHCOCHi  (1) 


Clt-CH-COOH 

■  I 

NHCOCHCI^i^ 


i 


NHCOCHy 


COCHCI^C^ 

NHCOCHs 


(H) 


However,  this  method  was  limited  by  the  poorly  accessible  uesatorated  oxazolones  with  aUphatlc  ladlcals 
in  the  4-posltloaaad  the  many  stages  in  the  synthesis.  For  this  reason,  investigations  were  conducted  on  the  synthesis 
of  N,0-peptides  of  serine  with  acylated  amino  acid  halides  and  satutatod  oxaziones. 
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The  first  experiments  conducted  in  thil  direction,  led  to  negative  results  [6]:  hippurylchloride  did  not  reaci 
with  benzoylserine  or  beczoyltheonine  in  ether  and  benzene  media. 

After  varying  the  experimental  conditions,  in  particular,  the  conducting  of  the  experlroents  in  homogenous 
medium,  the  following  N.O-peptides  and  N^acyl-Opeptides  of  serine  were  synthesized:  0-(benzoylphenylalanyl)-N- 
benzoylserine  (Ill),  by  the  action  of  N-benzoylpbenylalanyl  chlorido  on  benzoylserine,  yield  40  the  ethyl  ester  of 
0-(ben20ylaminoisobutyiy  l)“N-benzoylserine  (PO.  by  the  action  of  N  benzoylamlnolwbutyryl  hydrochloride  on  the  ethyl 
ester  of  N-becz cyUerine.  yield  the  isoptcpyl  ester  of  N.cmiphthalylglycylserine  (V*).  by  the  action  of  I-H^thalyl- 
glycyl  chloriac  on  the  Isopropyl  ester  of  serine,  yield,  69^;  and  the  methylamide  of  ©-{benzoylphenylalanyl^-N- 
benzoylserine  (VQ,  by  die  action  of  N-berzo  ylpf^enylalanyl chloride  on  the  methyl  amide  of  Ii4>enzoylserine.  yield 

n'Th. 


Clh-CH,-COOH 

I  i 

O  NHCOC^H, 

COCHCl^C*!^ 

NHCOC«Hj 

(III) 


Cl%-CH-COOC,Hj 

O  NHCOC^H, 

ClX:(CH,), 

NhCOC,Hj 

(IV) 


Cl^-CHCOOC,Hx 
6  NHCOCI^N 

1  CO  'CO 


(V) 


CO  CO 


CI^~CH~CONHCl% 

{)  NHCOCjH, 

COCHCHgCjH, 

.NfHCOCVl, 

(VI) 


In  addition  to  the  acylated  amino  acid  chlorides,  the  corresponding  oxazolones  were  also  used.  But  these  ona* 
zolones  react  much  less  readily  with  setine  and  Its  derivatives,  and  N.O-peptldes  could  not  be  obtained  in  these  cases 
Thus,  for  examine,  benzoylserine  reacted  with  henzoylphenylalanyl  chloride  to  form  0-^nzoylphenylalanfl)-N- 
benzoylserine.  The  reaction  did  not  occur  with  2-phcnyl-<4-benzyl-A-oxazolone.  The  Table  gives  the  experiments 
conducted.  They  prove  the  above-mentioned  facu  that  oxazolones  eact  less  readily  than  acylated  amino  acid  chlor¬ 
ides.  The  latter  also  react  non-uniforroly. 

Now  it  can  be  considered  proved  that  acyl  amino  acid  chlorides  spontaneously  are  oansformed  into  oxazoloae 
hydrochlorides,  which  are  also  capable  c'  reacting  with  amine  and  hydroxyl  groups: 


RCONHCK(I^COa 


RCH-CO 


Evidently,  acylated  amino  acid  chlorides  are  much  more  reactive  than  oxazolone  hydrochlorides.  This  is  par¬ 
ticularly  shown  by  the  fact  that  phthalylglycyl  clJoride,  which  cannot  be  traxuformed  into  the  ult  of  oxazolone,  reacted 
exceptionally  readily  with  serine. 

The  N.O-peprldes  obtained  in  the  present  investigation  were  subjected  to  the  action  of  ferments.  The  results 
ate  reported  in  another  communication  PJ. 

Reaction  of  Serine  and  iu  Derivatives  with  Acylated  Amino  Acid  Chlorides  and  Oxazoloitea. 


Karnes  of  the  teactlon  con’penents 


SetlTie 

Isopropyl  ester  of  serine  (hydro¬ 
chloride) 

Benzoylserine 

Be.'izoylserine 

Ethyl  etfer  of  benzoylserine 
Ethyl  ester  of  benzoylserine 

Methylamide  of  benzoylserine 


Reaction 


products 


2-f.1ethyl-4-beaz  al^^xazolone 

Phthalylglycyl  acid  chloride 

2-W»enyl-4-beoz  /1-5  oxazolone 
Benzoylphenylalany]  acid  chloride 
2-Rienyl-4.4-dlmethyl--6-oxazolone 
Benzoylamlnolsobutyryl  acid 
chloride 

BenzoylphenyUlanyl  acid  chloride 


N.  Odi-<acetyldehydrophenylaUnyl) 
serine 

Isopropyl  ester  of  N.Osli-<l4ithalyl- 
glycyl)senne 
Reaction  did  not  occur 
O(benzoylphenylalanyl)-N'beiizoylseri]ie 
Reaction  did  not  occur 
Ethyl  ester  of  C>-<benzoylaminolsobat- 
y7yl)-N-benzoyl$«rine 
Methylamide  of  O-fbeszoylphenyl- 
alanyl) -N-benzoylaerine 


experimental 

Synthesis  of  N.O-dl-(acetylphenylalanTl)seilne  (11) 

-^)  fteparation  of  N.(Vdi-(aceryldehydrophenylalanyl>serlne  m  9.35  g  of  2'iDCthyl-44)enzal-5-oxazolone 
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dissolved  In  C5  ml  of  acetone  was  added  to  a  solution  of  5.25  g  of  serine  In  42  ml  of  1.2  N  alkaU.  The  mixture  was 
shaken  for  3  hours,  the  undissolved  oxazolone  was  filtered  off.  and  the  filtrate  was  evaporated  in  vacuum.  The  oU 
which  jxecipitaied  at  the  start  of  the  evaporation  was  separated  (subrrance  A).  The  filtrate  was  evaporated  to  dry¬ 
ness  in  vacuum  (substance 

crystallized  upon  standing.  The  crystals  obtained  were  treated  with  boiling  benzene,  and  tben 
recrystalllzed  from  aqueous  alcohol.  HO-Di*{acetaliehydiophenylalanyl)$erine  with  ra.p.  196*  was  obtained.  Ac¬ 
cording  to  literature  dau,  m.p.  202*  (3], 

Subjianyc  B  (6.6  g)  was  dissolved  In  absolute  alcohol  lor  separation  hom  sodium  chloride.  The  filtrate  was 
evaporated  to  half  of  its  volume  and  lUteied  once  more.  After  evaporation  to  dryness,  a  substance  remained  which 
was  in  the  form  of  light  yellow  Alnv  jdateleii.  It  was  dissolved  in  a  mixture  of  alcohol  and  ethyl  acetate  aiKl  pre¬ 
cipitated  with  petroleum  ether.  N(Acetyldeb>dtophenylalaayl)serlne  with  ra.p.  173*  was  obtained.  According  to  lit¬ 
erature  daa,  m.p.  178*  £3). 

Found:  equlv.  328,  324.  Calculated:  equlv.  292. 

b)  Hydrogenation  of  N.O-dl(g-<cetyldehydrophenylaIanyllsertre.  2.8  g  of  N.O^i-(a-9ceTyldehydroi4ieaylf 
alanyb serine  was  dissolved  in  absolute  methyl  alcohol  and  hydrogenated  with  hydrogen  over  palladium  black  for 

18  hours.  275  ml  of  hydrogen  v*exe  absorbed  (theoretical  amount  262  ml).  The  solution  was  evaporated  In  a  vacuum 
after  the  removal  of  the  catalyst.  The  oil  which  precipitated  crystallized  upon  strong  cooling  and  prolonged  standing. 
N.O-Di-(<i-ecctyIpheaylaLanyl)  serine  melted  at  82-85*.  Yield  2.25  g,  79.8  ‘Joof  the  iheoreiicaL 

The  compoutid  has  not  been  reported  In  the  literature. 

Found  1o:  C  60.70,  60.53;  H  6.48,  6.43;  N  8.67.  8.56.  GalcuUted  V  C  60.97; 

H  6.09;  N  8.S3. 

After  Jrying  in  vacuum  at  8G*  (5  mm)  over  phosphoric  anhydride,  m.p.  103-  105*. 

Found  ‘Jt:  C  61.67,  61.58;  H  6.17,  6.18;  N  8.72,  8.72.  C|AA^-  Calculated  <!t:  C  62.11;  H  6.09;  N  8.69. 

c)  Reparation  of  N-(acetylphenylalanyl)5erlne.  2  g  of  N-<acetyldehydTopt)eaylalanyl)serine  in  methyl  al¬ 
cohol  solution  was  hydrogenated  for  5  hours  with  hydrogen  over  palladium  blark.  210  ml  of  hydrogen  was  absorbed 
(theoretical  amount  196  ml).  After  the  removal  of  the  catalyst  and  washing  with  alcohol,  the  filtrate  was  concen¬ 
trated  in  vacinim.  The  substance  solidified  In  the  form  of  shiny  scales. 

Alp.  76-78*.  Yield  of  N-(acctylphenylalanyl)serlnc  was  1.9  g,  95*5^  of  the  theoretical. 

The  substance  was  dried  In  vacuum  at  56*  over  phosphoric  anhydride. 

Foi^  C  54.72,  54.59;  H  6.28,  6.24,  N  8.85.  8.88.  f  H,0.  Calculated  flk:  C  55.47, 

H  6.27:  x'i  9.20. 

Reaction  of  the  Ethyl  Ester  of  N-Ben  zoy  Ise  fine  with  2-Phenyl-4. 4-dlmethyl-5-oxazolODe 

A  solution  of  0.24  g  of  the  ethyl  estei  of  N-benzoylserlne  (m.p.  85*)  and  0.27  g  of  2-phenyl-4.4-dimethyl-6- 
oxazolone  In  absolute  toluene  were  heated  for  3  hours  at  65-70*and  fot  3  hours  at  the  boiling  pc>lnt  of  toluene.  The 
toluene  was  removed  in  vacuum  and  aniline  was  added  to  the  residue  to  remove  the  unreacted  oxazolone.  After  a 
5  minute  heating,  at  50-60*.  the  reaction  mass  solidified.  The  residue,  recrystalllzed  from  benzene,  was  benzoyl- 
amlnoisobutyilc  acid  anilide  (0.3  g).  Kip.  227*. 

The  aniline  was  removed  from  the  mother  Uquor  with  hydrf'chlorlc  acid,  and  benzoylsermc  eAyl  ester  %as 
isolated.  Thereftve,  the  reaction  between  the  ethyl  ester  of  N-berzoylserlne  and  2-phenyl-4.4-dimcthyl-6-oxazolone 
did  not  occur. 

Synthesis  of  the  Ethyl  Ester  of  0-(BenzoyUininolsobutyry  1)-N-Benz oylsetlne  (IVl 

2g  of  N-benz  oylseri.ne  ester  and  2.25  g  bcnzoylamlnolsobatyrylacid  chloiide  in  chloroform  solution  were  heated 
for  8  hours  on  the  water  bath  at  60-65*.  The  undlssolved  residue  was  filtc:ed  off.  and  the  filtrate  evaporated  in 
vacuum.  The  residual  oil  was  dusolved  In  alcohol,  and  ware-  was  adde-d  d-opwise  to  the  solution  until  a  cloudinea 
appeared.  The  ethvl  ester  of  0-(benzoylamlnDlsobutyryl)-N-beiizoylserinc  was  isolated  in  the  feem  of  long  white 
needles.  Yield  0.5  g.  M.p.  128*. 

The  compouna  has  not  been  reported  In  the  literature. 
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Found Ce5.40.  65t49.H  6.14.  C.14;K  6.75.  6.83.  Cr^^-  Calculated-?,:  C  55.40;  H  6.16;  N  6.63. 

Hyd.^lysis  of  the  Ethyl  Ester  of  CHBenzpylainlnoisobut^TylhN-benzovlterlne  (IV).  The  amounts  of  the  sub* 
r.ances  given  below  were  ueated  with  t  ml  of  V40  N  alkaU  and  boUed  on  the  water  bath  for  3  hours.  8  ml  of  1/40 
N  bydrcchloric  acid  was  added  to  the  bydiolyzaie.  and  the  excess  of  the  ^tter  was  back  titrated. 

32.8  mg  subsu.nce:  6.12  ml  1/40  K  KaOH.  22.1  mg  substance;  4.10  ml  1/40  N  NaOH. 

Cakulated:  6.11  ml  1/40  N  KaOH.  4.10  ml  1/40  N  NaOH. 

Reaction  of  N-Benzoylserlne  with  2-phenyl-4-ben2yl-5*oxazolone 

2-Phenyl-4-benzyl-5^xazolooe  was  prepared  from  benzoylpbenylalanirie  and  acetic  anhydride.  M.p.  69*. 

1  g  of  N-benzoylscrlne  in  dioxane  was  mixed  wtxh  a  soluuon  of  1.5  g  of  oxazolone  in  chlorofonu.  The  mixture 
was  heated  for  6  ho«cs  to  gentle  boiiing  The  chloroform  and  dioxanewee  .emoved  In  vacuum,  and  the  residual 
oil  was  dissolved  In  absolute  benzene.  Upon  standixig,  crystals  of  N-benzoylserine  (0.87  g)  pceclpitated  slowly. 

A  mixed  sample  with  an  N-benzcylserine  preparation  did  ifOi  give  a  dep'essioft  in  n:elti’'g  point.  Therefore,  the 
reaction  between  benzc^lscrine  and  2-pbenyl-4-bcnzyl-5-oxazoione  did  not  occur. 

Synthesis  of  0-(Benzoylphenylalan  yl  l-N-benzoy Iserlne  (tIO 

A  solution  of  3.0  g  of  benzoylserine  in  dioxane  was  added  to  a  chloroform  solution  ol  the  acid  chloride 
obtained  from  4.0  g  of  benzoylphenylalanine.  The  mixture  was  boiled  for  6  bouis.  coricenoaied  In  vacuum,  and 
the  residual  oil  dissolved  in  absolute  benzene  Crysuis  ptecinltated  upon  standing;  they  were  filtered  and  washed 
with  benzene,  ether,  and  water.  O-  Birnzoylphcnylalany  Ij-N-bcnzoylserine  was  rec^ysuUized  from  a  mixture  of 
dlchlQioethane  and  alcohol.  M.F.  171*.  Yield  2  0  g  ibe  subsunce  was  soluble  In  «iCObol.  acetone,  hot  dlchloro- 
ethane  and  Insoluble  in  water,  benzene,  and  toluene. 

The  compound  has  not  been  reported  In  the  literature. 

Found  C  67.23,  67.47;  H  5.38.  5.31;  N  6.09.  5.98.  Calculated  -Jb;  C  67.82;  H  5.22;  N  6.08. 

Preparation  of  the  Isopropyl  Ester  of  K.  O- Difphthaly  Iglyc  yll«serlne  (V) 

1.38  g  of  serine  isop-opyl  ester  hydrochloride  and  3.6  g  of  phthalylglycy!  acid  chloride  were  heated  to  100-105* 
(glycerine  bath)  In  10  ml  of  dioxane  until  the  evolution  of  bydrogbD  chlcclde  ceased,  and  for  so  minutes  more. 

The  dioxane  was  distilled  off  in  vacuum.  The  residue,  a  dark,  tarry  mass,  was  dissolved  with  heating  In  6  ml  of 
dioxane.  8  ml  of  ligroin  was  added  to  the  solution.  After  strong  shaking,  crystallization  started.  10  ml'  more 
of  llgroln  was  added  to  thii  solution,  the  residue  was  filtered,  washed  with  petroleum  ether,  and  recrystallized  from 
a  mixture  of  alccAcl  and  dioxane  (1:1).  2.7  g  of  the  isopropyl  ester  of  N.O<dl-(pbthalylglycyI)serlne  was  obtained. 
Yield  6999 of  the  theoretical.  M.p  170-171*.  The  substance  crysuLiized  In  the  form  of  very  thin  needles;  it  waa 
soluble  in  dioxane  and  dichlctoethane,  difficultly  soloble  In  alconol.  and  Insolub’e  In  water  and  llgroln. 

The  compound  has  not  been  reported  In  the  literature. 

Found  C  59  67.  59.48;  H  4.70.  4.64;  N  8.15.  8.20.  0,^,0^  Calculated  C  59.88,  H  4.41;  N  8.06. 

Preparation  of  the  Methylamide  of  O-fbenzoy  1  phe nylalanyl)-N-bepzoylser ine  (VI) 

a)  Preparation  of  the  methylamide  of  N-benzoylse*lne  5gof  N-benzoylse^lnc  was  esterlfied  with  methyl 
alcohol  unde:  the  usual  condlxions  foi  iPe  esterification  of  amlrx}  acids  and  their  derivatives.  The  oil  lemainlng  af“ 
ter  the  removal  of  the  methyl  alcohol  and  hydtogen  chloride  was  treated  with  an  ether  solution  of  methylamlne.  *nd 
allowed  to  stand  foi  two  days.  The  cthei  was  removed  in  vacuum,  and  the  residual  oil  crystallized  upon  standing. 
Aftei  recrystallization  from  absolute  alcohol,  the  methylamide  of  N benzoylserine  was  obtained  in  the  form  of  long, 
white  needles,  readily  soluble  in  water,  aqueous  alcohol,  wlih  beating'  In  dioxane.  absolute  alcohol,  and  methyl 
ethyl  ketone.  M.p.  146.5*.  Yield  3.5  g.  65  ^ofahe  theaetacaL 


The  compound  has  not  been  reported  In  the  Uteiature. 

Found-?;  C  59.60.  59.70;  H  6  35,  6.45;  N  12.55  12  68  Calculated-?;  C  59.46;  H  6.30;  N  12.61. 

ftei^ratton  of  the  methyUmtde  of  (HbenzoylphenyUlanyi)  Nbenzovlserirje.  0.5  g  of  the  roethyUmlde  of 
N-benzoyUerlne.  dusolved  In  dioxane.  was  added  to  a  chloroform  solution  of  bcnzoylphenyUlanyl  acid  chloride  obtained 
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from  1  g  of  benzoylpbeDyUUfiloe.  The  mixtire  wu  heated  for  4  hour* ••  at  50-60*  and  allowed  to  suod  overnight. 
The  oil  remaining  after  the  removal  of  the  lolventi  was  treated  with  absolute  benzene.  Dpon  funding.  cry»» 
tall  formed,  which  were  washed  many  tiroes  with  bt.izcne.  sodium  carbonate  loluUon.  a^  water.  The  lubsunce 
was  lecrysiaUized  ^om  alcohol  and  dried  in  vacuum  at  80*  over  phosphoric  anhydride.  XLp.  181*.  Yield  0.8  g. 
1'^  of  ^  theoretlcaL 

The  compound  has  not  been  reported  In  the  literature. 

Founder  C  67.93,  67.87;  H  5.98,  5.85;  N  8.62.  8.78.  CnH^N,.  Calculated  C  68.49;  H  5.71; 

N8.88. 

SUMMARY 

Methods  for  the  synthesis  of  O.N-peptides  of  serine  were  studied  The  following  peptides  were  prepared: 
0-(bcnzoylphcnylalanyi)*N-benzoylserlne.  the  ethyl  ester  of  0-(benzoylan:lnoisobutyTyl)-N-benzoylserine.  the 
laoprop^  ester  of  N.O-dl-(phthalylglycyl)serlne.  and  the  methylamide  ol  0-(benzoylphenylaIanyl}-N'benzoyl- 
serine. 
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REACTION  OF  HYDROGEN  SDLFIDE  WITH  OXIDES  OF  THE 

acetylenic  and  vinylacetylenic  series 


L  SYNTHESIS  OF  VINYL  AND  ALKYL  THIOPIINES 


F.  Ya.  Perveev  and  N.  I.  Kudryashova 


By  the  reaction  of  hydrogen  sulfide  with  ethylene  oxuies,  hydroxyethylniexaptaiits  os  dithioglycols  are  fanned 
In  relation  to  fie  temperature  conditions  and  the  ratio  of  the  reagents  [1).  Thioglycenres  are  obtained  from  glyclde 
oxides  and  hydrogen  sulfide  In  the  form  of  two  isomers  pi  By  passing  a  mixture  of  hydrogen  sulfide  ethylene 
oxide  over  AIjOj  at  350-400*,  thiophene,  2,5-dlmethylihlophene,  and  other  higher  bomologs  cf  thiophene,  as  well 
as  the  lower  mercaptans  are  formed  [3];  at  200-250*.  ihioxanc  and  dUhiane  [4]. 

The  reaction  of  hydrogen  sulfide  with  the  following  oxides,  whose  formulas  and  constants  are  given  la  Ae 
Table,  was  studied;  2'melhylepoxy-l,2-hexep-5  -yae-3  (Q.  3-roethylepoxy-2,3-hepter  -S-yne-i  (D),  2-ethylepoxy- 
l,2-pentyne-3  and  3-raeth>Iepoxy-2,3-bexyi,e-4  (IV). 

A  colorless,  readily  volatile  liquid  with  a  specific  odw  was  obtained  by  the  reaction  of  oxide  (1)  with  hy¬ 
drogen  sulfide.  An  add  of  compcslUcn  C*H^S.  melting  at  120-121*  (6 ‘-roc ihyl-« -thiophene  carboxylic  acid)  was 
obtained  by  the  oxidation  of  this  substance  and  its  hydrogenation  product  with  potassium  permartganate.  The  struc¬ 
ture  c-vinyl-fl’-methylrhlophene  ctxUd  be  assigned  to  the  product  syntheslaed  on  the  basis  of  the  data  obtained.  The 
fact  that  the  constants  of  the  substance  obtained  coincided  with  those  of  the  compound  synthesized  by  another  method 
[5]  served  as  a  confumauon  of  the  above  conclusion. 


tf-Vlnyl-«\fi*- 
dimethylthiophene  was 
obtained  by  the  action 
of  hydrogen  sulfide  on 
cxide  (U),  ana  a-roeth- 
yl-e  ‘-ethyl  thiophene, 
from  oxide  (IIQ.  The 
I^iysical  constants  of 
a  -methyl-B  ‘-eihyl- 
thiophene.  prevdousiy 
reported  in  the  litera¬ 
ture  [6]  coinc  Ide  with 
those  of  the  substance 

obtained.  fl,a*,6*-Trlmethylthlophene  is  formed  by  the  reaction  of  hydrogen  sulfide  with  oxide  (IV).  It  is  an  easily 
volatile  colorless  llc^ild  with  a  specific  odor  which  Is  soluble  in  strong  sulfuric  acid,  gives  a  characteristic  indophea* 
one  col(v  with  Lsatin  sulfate,  and  forms  a  white  crystalline  precipitate  with  mercury  acetate. 

Based  on  the  above  results,  it  u'n  be  considered  established  that  the  .'eaction  of  hydrogen  sulfide  with  oxides 
of  the  acetylenic  and  vinylacetylenic  series  is  a  general  one  for  the  synthesis  of  vinyl  and  alJ(ylthiophe.nes. 

Up  to  now  alJcyl  thiophenes  ha'*e  been  prepared  by  the  treatment  with  phosphorous  pentasolfide  of  y-Leto 
acids  (7],  y-dlcarboxylic  acids  PI  1.4  dlLetoncs  [9].  o’  from  furane  derivatives  by  the  action  of  hyd.-ogen  sulfide 
at  high  temperatures  In  the  presence  ul  a  catalyst  (10),  and  others.  Vlnvl  thiophenes  were  prepared  by  the  reduc¬ 
tion  of  acetylthiophenes  to  tlie  corresponding  alcohols  and  their  subsequea*  dehydration  (11.  12.  131  fry  tfr® 
reaction  of  thienyl  magnesium  brorrlde  with  vinyl  cnloride  in  the  presence  oi  Cods  (141 

The  formation  o^  vinyl  and  alkylthiophene  from  oxides  of  the  acetylenic  and  vinylacetylenic  scries  by  the 
reaction  with  hydrogen  sulfide,  evldotly,  occurs  according  to  the  following  icheniei 


Fo*-mula 


Melting  point 


50-61*  (15  mm) 


Cl%=CH-C=C-qCH^-CH-CK, 


40-41*  (8  mm) 


C  H,-C=C -C(CtH0-Cl% 


CH  ,-Ca^~C(CH^“CH-CHg 


o 

R-C^-C — CH~R* 

I 

R* 


♦  HfS 


OH  SH 

!  » 

R-C=C-C - CH-R" 

I 

R* 


-1^0 


HS 

R-CsC-C=C-R" 

I 

R’ 


The  rate  of  fonnation  of  the  thiophene  derivauvts  depcn<U  on  the  teirperature  conditions  of  the  reaction,  and  the 
strur^uial  peculiarities  of  the  oxides.  Disubstiroted  oxides  of  type  (HI)  react  wUh  hydrqgen  sulfide  considerably  more  rap¬ 
idly  than  the  irisubsunited  of  type  (TV)  ti  addition,  r^icals  which  substitute  foe  ibe  acetylenic  hydrogen  have  a  consld- 
erable  effect  oc  the  reactivity  of  the  oxide  ring.  Thtis.  fa  example.  2H:nethylcpoxy-1.2-tiexeD  -5-yne-3  reacts  with 
hydrogen  sulfide  at  room  temperature  with  a  great  cvoluUon  of  heat,  while  heating  for  several  hours  Is  necessary  for  the 
preparation  of  c-\'iryl-«*.£*'<limetnylthiophefie  from  3-ir.ethylcpcxy  ^’,3'heptcr  •6->Tie'4  (D). 


EXPERIMEKTAL 

1.  Preparation  o*  a -Vinyl-S  *-inetbvl  thiophene 


20  g  Ba^OH),  and  150  ml  of  water  were  placed  into  a  round  bottomed  flask  with  a  mechaii.lcal  stirrer,  and  a 
stream  of  hydrogen  sulfide  was  passed  in  wlih  lurefisive  sriring  with  a  simultaneous  addition  of  30  g  of  oxide  (Q.  The 
addition  of  the  oxide  was  tegula'ed  in  such  a  manner  that  the  teinperarure  of  tfie  reaction  mixture  did  not  go  above  50*. 
After  the  addiiicc  of  the  oxide,  the  hyd.'ogen  snllide  was  passed  In  for  one  bout  more.  11*6  reaction  mixture  was  then 
acidified  with  the  calculated  amount  of  acetic  acid.  The  reaction  products  were  extracted  with  ether,  the  ether  layer 
was  dried,  the  ether  was  remo\ed,  ana  after  2  distiUatlo.'is,  the  suhsiartce  was  obtained  m  the  form  of  a  colorless  liquid 
with  b.p.  67-70* at  10  mm.  cJJ  1.5580,  dj*  1  0110.  U  gradually  polymerized  upon  storage  in  the  air  to  form  a  viscous 
mass  Yield  25  g.  73-75^  of  the  thea’etleal.  It  dissolved  in  strong  sulfuric  acid,  gave  a  chatacteristlc  indophenme 
reacuon  with  Isatin.  Ii  formed  a  crystalline  pmcipiute  with  mie.’cury  acetate. 


0.4539  g  substance;  0.8470  g  BaSQ*.  Found ‘Jt:  S  25.63.  CyH^S.  Calcul  ated ‘Jfc:  3  25.80. 

Hydrogenation  of  a-Mnyl-g’-methylthiophene.  The  hydrogenation  was  effected  over  Raney  141  in  ether  loln- 
tlon.  1158  ml  of  hydrogen  (22*.  764  mm)  was  corisumed  for  the  hydiogerAtlon  of  6  g  of  the  substance;  1085  ml  of  1% 
was  required  based  or  one  double  bond.  The  hydrogenation  product  was  first  dried  with  CaCl|  and  then  with  mealllc 
sodium,  and  it  was  distilled  over  Na.  b  p.  158-159*.  Cq  1  5061.  d^*  0.9652. 

Oxidation  of  Q-vLnyl-s*-meth>lihiopbene.  22.4  g  of  KMnO^  was  used  for  the  oxidation  of  6.28  g  of  the  sub- 
rtance.  The  oxidation  was  conducted  in  alkaline  medium  (3  g  of  NaOH  Ji  800  ml  of  water).  No  neutral  substances 
and  volatile  acids  with  the  exception  of  an  acid  of  the  composition  which  was  extracted  with  ether  from  the 

acidified  aqueous  solutions,  could  be  detected  among  the  oxidation  products.  The  ether  was  removed  and  die  sub* 
stance  obtained  was  reo’ysuUlzed  irom  water;  m.p.  120-121*. 

0.3208  g  substance;  0  5236  g  BaSQ*.  Found  <31.:  S  22.41.  C*H^S.  Calculated  <5o:  S  22.55. 


Oxidation  of  the  hydrogenation  product  of  fl-vinyl-B*-methylthiopherie.  24.4  g  of  KMn04  was  used  for  die 
oxidation  of  4.7  g  of  the  substance.  The  oxldatiou  was  conducted  in  alkaline  medium.  An  acid  was  isolated  from 
among  the  products,  which  melted  :t  120-121*  and  did  not  give  a  depression  in  melting  point  when  mixed  with  the 
previously  Isolated  product. 


2.  Preparation  of  a -Vlnyl-a  *,  g  *-dimethylthlophene. 

30  g  of  3-meihylepoxy-2,3-hepten-€-yne-4  (II).  20  g  of  Ba(OH)|  and  150  ml  of  water  W‘  re  used.  The  hydrogen 
sulfide  was  passed  iruo  the  reaction  mixture  for  8  hours  at  60-70*. 


17  g  of  a  subsunce  with  b.p.  68-70*  at  8  mm  was  isolated;  1.5545.  0.9938;  MSU  44.6. 

Calculated  43.47. 


The  subaiance  obtained  was  a  colorless,  mobile  liquid,  with  a  characteristic  odor.  Upon  storage  in  the  air, 
li  yellowed.  It  formed  a  white  precipitate  with  mercury  acetate  which  decomposed  at  250*.  It  gave  a  dark. wine* 
rod  coloration  with  isatin  and  strong  sulfuric  acid.  Yield  50*51)  of  the  thetM-etlcaL 

0.3846  g  subsunce;  0.6438  g  BaSQ*.  Found  S  22.99.  C,Hi,S.  Calculated  It:  S  23.20. 

If  tbe  synthesis  was  effected  at  80-90*.  the  reaction  was  completed  in  2  hous.  and  the  yield  of  the  jKoduct 
was  somewhat  increased.  In  the  fire,  as  well  as  in  the  second  synthesis,  tbe  formation  of  tarry  products  occurred, 
evidently,  because  ci  the  polymerizarion  of  the  oxide. 
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3.  Preparation  of  a -niethvl-£ '-ethylthiopheng 

2j:EilL^M:chlqropentyne-3-ol-2.  3C  liters  of  inethyl2cetylene  was  passed  tn  over  a  12-bour  period  Into  an 
ether  solution  of  1  mole  of  etiiyl  roagnesluni  btomide.  Then  15  g  of  l-cWorobutanone-2  was  added  with  stining  and 
cocling  (water  and  ice).  The  reaction  mixture  was  left  to  stand  o\crnlg?it.  The  organo-magnesiom  complex  was 
decomposed  with  30^  acetic  acid.  The  ether  layer  was  $epara»d.  the  water  was  extracted  with  ether,  dried  widi 
Na^SO^,  and  the  ether  was  removed.  Tlie  substance  obuineu  had  the  following  constants  after  2  distillations:  b.p. 
?5-7r  at  8  mm.  n«  1.4711.  d^'  1.0571;  K!I^  38.8.  C^HuOap  Calculated  38.92. 

0  2483  g  substance:  0.2436  g  AgQ.  0.1135  g  suhsunce:  18.7  ml  Cll4  (16.5*.  767.4  mm).  Found 

Cl  24.27;  Active  H  0.695.  C^Hj^OCl.  Calculated  d  24.18;  active  H  0.688. 

2-Ethylepoxy-1.2-pentyne-3  (ni).  Oxide  (IIQ  was  Isolated  upon  the  treatment  of  the  chlorohydrin  wldi 
powdered  KOH  in  ether  solution  and  was  a  colorless  liquid  with  b.p.  40'4l*  at  8  mm,  nJJ  1.4436.  d\*  0.8966. 
MRq  32.9.  CfHifif.  Calculated  32.8. 

0.1164.  0.1282  g  substance:  0.3248.  0  3574  g  CC^;  0.0969.  0.1055  g  i^O.  Found  «>;  C  76,15.  76.08; 

H  9.32.  9.21.  C7Hj^|0.  Calculated^:  C  76.32;  H  9.15. 

a  -Methyl-o  ‘-ethylthiophene.  100  ml  of  water.  15  g  of  Ba(OH}2,  and  ‘zb  g  of  oxide  (II^  were  placed  in  a 
round-bottomed  flask  with  a  mechanical  stiner  and  a  reflux  condenser.  Hydrogen  sulfide  was  passed  in  for  15  bous 
at  50-60*.  Toe  processing  of  the  reaction  mixture  was  effected  by  the  above  reported  method.  The  product  obtained 
was  dried  with  X!gJ04  and  vacuum  distilled  at  50-51*  (10  mm);  15  g  of  roethyleihylthiophene  was  isolated  and  4g  of 
the  oxide  (III)  was  ieco\ered.  Meihyleihylthiophene  was  dried  and  distilled  over  meullic  sodium  X  161-162*;  d“ 
0.9710,  1.5070:  MRq  38.69  CtH|,S[=j  .  Calculated  39.31. 

The  substance  dissolved  in  sulfuric  acid  and  give  a  characteristic  violet  coloration  with  isatin  sulfate  and 
formed  a  crystalline  compound  with  mercury  aceute. 

0  1984.  0.1715  g  subsunce:  0.3648,  0.3146  g  BaSO*.  Found ‘S*;  S  25.25.  25.19.  CyH^^S.  Calculated  Ik 

S  25.41. 

Oxidation  of  methylcthylthlophene.  3  g  of  the  substance,  15.5  g  of  KMnQ^  (calculated  for  the  oxidation  of 
the  ethyl  group)  l.o  g  of  NaOH.  and  500  mi  of  water  were  used.  The  KMnQj  was  added  gradually  In  small  portioas. 
the  oxidation  was  continued  for  8  hours  at  ordinary  temperatures.  Neutral  products  were  not  detected.  An  acid  with 
m  p.  97-99*  was  Isolated  by  extraction  of  the  acidified  aqueous  solution. 


4.  Preparation  of  c  .a  *.  8  *-Tr  Imethylthiophene 


3-Methyl -2 -chlorohexyne-4 -01-3.  The  chlorohyorln  was  prepared  by  the  above  method.  80  g  of  2<hloro- 
butanone-3  was  used  for  1  mole  of  meihylace!y>nyl  magnesium  bromide  '2  g  of  the  substance  (65^  of  tbeory) 
with  b.p  66-67.5* at  7  mm.  ni?  1  4671.  df  1  0535.  MRq  38.62.  C,Hi,OClp.  Calculated  38  92 

0.2817 g  substance:  o!2745  g  AgCl.  Found  Cl  24.10.  Calculated  Cl  24  18. 

3-Meth>lepoxy-2,3^x\’Tie-4  (IVl  A  substance  with  b  p  43-45  at  12  mm  was  isolated  by  the  treatment 

of  the  chlorohydrin  with  powdered  KOH  in  ether  solution:  MRq  32.84.  C^HnOp .  Calculated  32.80. 

0.1239,  0.1200  g  subsunce:  0.3468.  0  3350  g  CO^:  0.1029.  0.1003  g  1^0.  Found  C  76.27,  76.18; 

H  9  29.  9.35.  CtHi,0  .Olculated  %  C  76.32;  H  9.15. 

g.tt'.B*»Trimethylthiophene .  100  ml  of  water.  15g  of  Ba(OH)|.  20g of  oxide  (IV)  were  placed  Into  a  round 
bottomed  flask  with  a  mechanical  stirrer.  Hydrogen  sulfide  was  passed  in  at  a  reaction  mixture  temperature  of  50- 
60*  for  10  hours  After  the  corresponding  proces.'ing  of  the  reaction  mixture,  the  synthesized  substance  was  dis¬ 
tilled  over  metallic  sodium.  8  g  was  isolated  with  b  p.  162-163*.  1.5104.  dj*  0.9730;  MRq  38  82.  CyHiiSTs. 

Calculated  39.31 

0.2125.  0.1988  g  subsunce:  38.5  ml  NaOH  (T  =  0.003747);  38.0  ml  NaOH  (T  *  0.003275).  Found  % 

S  25.4.  25.1.  CjHi^S.  CalcuUtcd  S  25.41. 

In  addition  to  trlmethylthiophenc,  10  g  of  the  starting  oxide  was  isolated  durirtg  the  disiillaUon  of  the  pro¬ 
duct  obuined.  The  yield  of  trlmethylthiophenc  was  73^  of  tf»e  tneoictical  based  on  the  reacted  oxide.  At  80-90 
the  reaction  proceeded  to  completion  and  is  completed  within  a  shorter  tune. 

SUMMARY 

1.  A  general  method  was  developed  for  the  preparation  of  vinyl  and  alkylthiopbcncs  by  the  reaction  of 


oxides  of  the  acetylenic  and  vinylacetylenic  senes  with  hydrogen  sulfide  in  the  presence  of  Ba(OH)|. 

2.  tf-Vinyl-B*-n)ediylthiophene.  a-vinyl-c'.e'-dlniethylthiDphene.  4X-inethyl-£*<ihylthiophene.  and 
«,a  *,B*-cw5ethylthiophene  were  s>nthe$t2ed  with  this  method. 

3.  A  probable  scheme  for  the  formation  of  vinyl  and  alkylthiophenes  was  proposed. 
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SYNTHESIS  BASED  ON  ANABASINE 


VL  AMINATION  OF  ANABASINE.  N-METHYLANABASINE.  AND  NICOTINE 
A.  Sadykov.  O.  Ottoshcher.ko.  and  M.  Yusupov 


The  previous  investigation  [1]  was  concerred  with  the  study  of  the  transformation  products  of  N-(fl -hydroxy- 
ethyl)anabasine.  The  present  communication  reports  the  results  of  the  study  of  the  airlnation  reaction  of  anabasine, 
N-irethylanabaslne.  and  nicotine  without  solvents.  The  amination  of  anabasine  and  its  derivatives  with  alkali  metal 
amides  in  various  solvents  [2, 3. 4]  showed  that  better  yields  of  the  leactlon  products  were  obtained  by  usliig  dlmetbyl- 
analme.  In  view  of  the  fact  that  dialkyl  amines  are  not  always  readily  available  solvents,  and  that  A.  Chlchibabln 
[5]  showed  with  pyridine  that  amlnauon  can  occur  by  the  direct  leacilon  of  the  reagents,  it  was  of  interest  to  conduct 
this  reaction  With  anabasine.  N-roethylanabaslae,  and  nicotine.  The  main  subject  of  this  study  of  the  amination  re¬ 
action  was  anabasine. 

The  starting  substances  were  prepared  in  the  following  manner:  anabasine  was  separated  from  a  low  boiliiy 
fraction  of  anabasine  sulfate  by  the  hydrochloride  method  [6]  N-methylanabasme  was  piepaiedby  reacting  anabasine 
with  formaldehyde  and  formic  acid  by  the  method  of  Orekhov  sM  Norkina  [7],  Nicotine  was  separated  from  nicotine 
sulfate  by  the  usual  method.  The  bases  obtained  were  characterized  by  physical  constants  and  by  the  preparation  rtf 
characteristic  salts.  A  ratio  of  base  to  sodium  amide  of  1  mole  to  2  moles  with  a  small  excess  of  the  latter.  The  am¬ 
ination  of  anabasine  f.as  effected  by  heating  a  mixture  of  the  reacting  substances  under  the  usual  conditions  and  under 
pressure  for  12  hours  at  various  temperatures. 

a  '-Aminoanabaslne  could  be  obtained  in  a  yield  of  22.2^  by  effecting  the  reaction  under  jxessuie  (in  an  auto¬ 
clave)  at  150-160*.  Further  increasing  the  temperature  leads  to  a  strong  tarring  of  the  reaction  products.  The  amina¬ 
tion  of  anabasine  under  the  usual  conditions  (without  an  autoclave)  also  gavea‘-aminoanabasine  with  a  yield  of  6.80^ 
In  both  cases,  noticeable  amounts  of  a*«mlxuanabasine  could  not  be  isolated,  which  were  always  formed  during  the 
amination  of  anabasine  in  a  solvent  (see  die  Table),  increasing  the  reaction  time,  did  not  effect  the  yield  of  the  pro¬ 
ducts  of  the  amiiution  to  any  great  extent  under  otdirury  conditions,  as  well  as  under  jnes^ure. 

The  amination  of  nicotine  was  effected 
at  150-160*  (in  an  autoclave)  as  with  anabasine. 
and  « 'Siminonicctine  was  obtained  in  a  yield  of 
87.9^  It  must  be  mentioned  that  the  yield  of 
c '-aminonicotine  considerably  exceeded  that 
total  yield  of  aminonicotines  obtained  by  the 
amirution  of  nicotine  in  xylene  as  a  solvent  [81 

The  amLnauon  of  N  methylanabaslne 
was  effected  by  heating  a  mixture  of  the  react¬ 
ing  substances  at  140  T55*  for  12  boms.  In  con¬ 
trast  to  anabasine  and  nicotine,  two  Isomers 
were  obtained  as  a  result  of  the  reaction:  n- 
amino-N^ethylanabasine  In  a  yield  of  23.3^  and  a'-arolno-N-methylanabasine  in  a  yield  of  37.7^  The  total  yield 
of  the  N-methylaminoanabasines,  6L0^  does  not  differ  from  the  total  yield  of  the  products  of  the  amination  in  di- 
roethylaniline  [91  The  reaction,  effected  under  the  above  condltior*s  but  under  pressure  made  it  possible  to  obtain 
a  total  yield  of  am  inode liva lives  of  70.6^ 

Therefore,  considerably  better  results  were  obtained  by  the  amlnarion  of  nicotine  and  N-methylanabaslne 
with  sodium  amide  in  an  autoclave  in  comparison  to  those  obtained  by  effecting  the  reac  uon  in  solvents  (without 
an  autoclave).  This  can  be  explained  by  the  presence  of  a  methyl  group  on  the  nitrogen  of  these  bases  which  L*i- 
creases  the  activity  of  the  a  and  a’  hydrogen  atoms  in  the  pyridine  nucleus,  especially  t.ne  a  -hydrogen  atom,  since 
considerably  mote  of  fl*-imlnoderlvative  Is  obtair.ed.  On  the  other  hard,  nkotirie  and  v-methylanaDasine  are  less 
prone  to  tarring  than  anabasine. 
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Expt. 

No. 

Reacents  Cn  g) 

Heating 

temperatuxe 

lYleld  of  amlncanabasin 

Anabasine  i  Sod  lum 

1  amide 

(ing) 

(In  ^  of  theor¬ 
etical) 

1 

10.0  {  5.76 

100* 

— 

— 

2 

20.0  j  11,50 

130  - 140 

0.56 

2.57 

3 

13.4  !  8.62 

140  - 150 

1.40 

9.58 

4 

20.0  '  11.50 

150  -160 

4.85 

22.2 

5 

15.5  1  8.78 

160  -  180 

1.16 

6.84 

6 

20.0  1  11.50 

t 

180  -  200 

1.39 

6.43 

EXPERIMENTAL 


1.  Separatioa  of  anabasine  from  a  mixture  of  anabasine  and  lspinine_.  390  «  of  a  mixture  of  anabaiine  and 
lupiiune  (containing  88.4^  of  anabasine)  was  dissolved  in  1000  ml  ef  acetone.  77.5  g  of  cydrogcn  ctJoride  in  ace¬ 
tone  was  added  In  smaU  portions  with  cooling  and  stirring  to  the  soluaon.  Toe  precipitation  of  anabasine  hydrochlor¬ 
ide  started.  Tbe  reaction  mass  was  allowed  to  stand  until  the  following  day.  The  precipitate  was  filtered,  washed 
many  tiroes  with  acetone,  and  recrystallized  from  a  mixture  of  alcohol  and  acetone.  For  the  ;»eparation  of  the  bate, 
tbe  hydrochloride  was  dissolved  in  a  sroaU  volume  of  water  and  treated  with  a  40^  solution  of  potassium  hydioxide 
until  a  weakly  basic  reaction  occurred.  The  oil  which  pret  iniiated  was  extracted  with  benzene.  The  benzene  soln- 
tion  was  dried  over  fused  sodium  sulfate  xnd  the  solvent  removed.  Tre  residue  was  vacuaim  distilled  at  135-142  (14 
mm).  Yield  313.7  g  (91^  of  the  theoretical). 

2.  Arolration  of  anabasire  (in  an  autoclave)  ftyptcai  e»pcrirr-ert).  A  mixture  of  20  g  of  anabaslive  (1  mole) 

and  11.5  g  of  sodium  amide  (2.4  moles)  was  fjeated  in  an  autoclave  for  12  bou”i  at  150-160  .  The  reaction  i^oduct 
which  was  a  solid  dark  mass,  was  decomposed  (with  cooling)  with  a  szrall  amount  of  water.  The  solution  obtained 
v:as  saturated  with  sodlom  carboniie  and  extracted  mary  times  with  etner.  Ttie  ether  extracts  were  com¬ 

bined  and  dried  with  fused  potassium  carbonate. '  After  trie  removal  of  tne  solvent,  the  residue  was  vacuum  distilled. 

The  following  fractions  were  obtained:  Fraction  1:  137-13?*  (10  mm).  3.46  g.  «Qchanged  anabasine:  frac¬ 
tion  2:  165-190* (10  m.m)  4.85  g  (yield  22.2  ^).  e’^amlnoatubasine. 

The  second  fraction  was  dissolved  in  hot  toluene.  Upon  stardiag.  crystalline  «*-amlnoanabasine  precipitated 
from  the  solution.  Recrystallized  from  toluene,  a '•amlrioanabasine  had  an  m.p.  of  109*.  « '-Amlnoanabailne  was 
readily  soluble  In  water  and  alcohol,  difficultly  in  ether,  ard  berezerac.  The  plcrate  had  an  nj.p.  of  231-233*.  A 
mixed  melting  point  determination  with  a*-amlnoanabasine  plcrate  irepared  by  the  aminadon  of  anabasine  in  dl- 
methylanlline  did  not  give  a  depression. 

3.  Aminatlon  of  arubasine.  20  g  of  anabasine.  (1  mole)  and  11.5  g  of  sodium  amide  (2.4  moles)  were  heated 
for  12  hours.  Tbe  subsequent  processing  was  as  in  the  previous  experiment.  The  residue  was  vacuum  disUlled.  and 
the  following  fractions  wete  obtained  fraction!^  L35-140*  (10  inm).  6.5  g.  unchanged  anabasine:  fraction  2.  165-180* 
(10  mm).  1.48  g  (6.8^).  a**«m<noanabaslne. 

Crystalline  a'-amiooar.abasme  was  obained  by  tolutiou  in  toluene.  After  recrystallization  from  hot  toluene,  the 
m.p,  was  108-109*.  A '-Amlnoanabasine  plcrate  had  an  m.p.  of  231*^33*. 

4.  Amlnatlcn  of  nicotine.  A  mixture  of  30  g  of  nlLOtine  (I  ii>ole)  and  17.28  g  (2.4  moles)  of  sodium  amide 
was  heated  in  an  autoclave  for  12  hours  at  150-160*.  Tlie  reaction  product  was  processed  In  the  usual  manner.  After 
distillation  In  vacuum,  a  fraction  boiling  at  164-170*  (0.5  mm),  28.6  g  (87.7^)  was  obtained.  The  constams  correi- 
ponded  vith  tlte  literature  data  fr.r  c  Vminonicoiine  (91 

The  hydrochloride.  Concentrated  hydrochloric  acid  was  added  dropwlse  to  the  a  ’lamlnonlcorine  until  an 
acid  reaction  appeared  on  Congo.  The  solution  obtained  was  evaporated  to  dryness  on  the  water  bath.  The  crystal*- 
line  residue  had  an  m.p.  136-138*  after  two  recry  stall  izatioos  from  alcohol. 

5.  AmLnation  of  N-methylanabaslne.  30  g  (1  mole)  of  N-meUiylanabasine  and  16.6  g  (2.4  rrioles)  of  sod¬ 
ium  amide  were  heated  in  an  autoclave  at  150-160*  for  12  hours.  Tbe  reaction  mixture  was  decomposed  with 
water,  saturated  with  sodium  carbonate,  and  exhaustively  extracted  with  ether.  The  combined  ether  extracts  wete 
dried  over  fused  potassium  carbonate.  The  residue,  after  fr»c  removal  of  the  solvent,  was  vacuum  distilled.  The 
following  fractions  were  obtained:  fraction  1;  155-160*  (7  mm),  7.6  g  (yield  23.3 a-amino-N-roeihylanabaslne: 
fraction  2:  1C2-167*  (7  mm),  12.3  g  (yield  37.7  a'^roino-KMoethylanabaslne.  a-Amlno-N-methylanabaslne  pic- 
rate  (from  alcohol)  had  an  m.p.  234-235*.  a  ’-Am ino-N-methy  lanabasi ne  plcrate  (from  water)  had  an  m.p.  216-217*. 

6.  Aminatlon  of  N-methylanabasine.  A  mixture  of  30  g  (1  nvole),  of  N-n>ethylanabasine  and  213  g  (2.9 
moles)  of  sodium  amide  were  heated  in  an  autoclave  at  150-160*  for  12  hours.  The  cooled  mass  was  decomposed 
with  water  and  extracted  with  benzene.  The  benzene  solution  was  dried  over  fused  potassium  carbonate;  the  »1- 
vent  was  removed,  and  the  residue  subjected  to  vacuum  distil laiion  (at  13  mm). 

Fraction  1:  b.p.  155-160*  (7  mm),  a-emino-v-methylanabasinc,  8  g  (yield  24.5^);  fraction  2;  162-167* 

(7  mm).  A'-amL-io-N-methylanabasine.  IS.Og  (yield  46. 1'Jc).  «  Amlro-.N-roethyUrubaslne  plcrate  melted  ar233- 
235  ,  tf’-Amlno-  N-metbylanabasinc  plcrate  meltes  at  216-219. 


so  MART 


1.  It  wu  ibown  thftt  the  Jimiiutlon  leActioo  of  Anaba^ine,  xiicotlce.  and  N^ethylanabaiine  with  sodloin  amide 
can  occur  without  tolventa:  the  e ‘-isomer  was  obulned  prefereutiaUy  by  the  amination  of  axubasine  and  nicotine.  Upon 
the  amination  of  N-mie thylanabasine.  a  mixture  of  two  isomeric  amino-ifinethylanabasine  was  obtained  with  dse  c*- 
isomer  predominating. 

2.  The  toul  yield  of  the  amination  jsoditcts  of  aratisine,  IHnethylanabasine.  and  nicotine  In  an  autoclave 
without  a  aolvect  was  greater  than  when  the  reaction  was  conducted  in  dialkylamlne  solutions. 
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SYNTHESIS  OF  ® ENY  L-6 -(N-MET  H  TLA  MINO)PROPlON»C  ACID  AND 
SEVERAL  OF  ITS  DERIVATIVES 


V.  M.  Rodionov  and  E.  V.  TavorsVaya 


The  problom  of  the  pretent  investigation  was  the  preparation  of  N^lkyl-B'a^irtro  acids  in  order  to  c-oispaie 
their  properties  and  tramformatloni  with  6-amlno  acids  with  ptimary  amino  groups.  fl•^^eayl“fi•<^-Inethyla^!lIloJ“ 
p^pionlc  acid  was  prepared  inltully. 

This  compound  was  firit  synthesized  by  Rodionov  and  Zenkovich  by  the  reaction  between  benzaidehyde.  ncal- 
onic  acid,  and  an  alcoholic  methylamlne  solution. 


NHCH, 

Cgl^CHO  4  Niy:H,  4  Cl^(COOHJ^  C^H^HC^COOH  4  CO^  4  1^0. 

The  main  product  in  addition  to  the  methylamlno  acid  was  cinnamic  ackL 

Somewhat  later  phenyl  methylamLnc  pro  picnic  acid  was  obuined  by  Johnson  £1]  In  gieatei  yield,  who  synxhe* 
sized  this  compound  by  condensauon  of  benzalmethylamine  with  malonic  acid  in  an  absolute  alcoholic  neiliun. 

NHCIt 

I 

4  CI^CCOOH),  — *■  C^HjCHCH^COOH  4  CC^ 

The  yield  of  the  N^fnethylamlno  acid  by  this  method  was  40^  of  the  dieoretlcal  based  on  the  benzal  derivative. 
Cinnatrlc  acid  was  also  formed.  Yield,  38^  of  the  theoretical. 

It  was  shown  by  the  authors  that,  if  the  condensation  of  benzalmethylamine  with  malonic  acid  was  effected  in 
a  benzene  medium,  an  Increase  of  the  yield  of  the  methylamlno  acid  to  50>65^  and  a  decrease  In  the  formation  of 
cinnamic  acid  to  27-33*^  occuned. 

It  was  decided  to  prepare  as  the  initial  derivative  of  N-snethyl-^-phenyl-fi -alanine,  N-methylpheaylglyoxaU-* 
done  by  the  Hoffman  reaction.  N-inethyl-6-phenyl-S-alanyl  chloride,  necessary  for  the  {reparation  of  the  amide,  was 
{srejiaxed  by  the  actioD  of  thionyl  chloride  on  N-Tnethyl'6-phenyi>fi -alanine  and  was  isolated  as  the  hydiochloride  in  a 
good  yield. 

A  sedes  of  difficulties  were  encountered  during  the  preparation  of  N-rocthyl-6-phenyl-fl-alanyl  amide.  During 
attemirts  to  aroldate  the  acid  chloride  with  dry  ammonia,  the  formation  of  high  molecular  compounds  occurred  arising, 
evidently,  as  a  result  of  the  Intermolecular  condensation  of  the  acid  chloride  with  an  N-metbyl  group  of  a  second 
molecule. 

NHCI%  NHCH,  CI%  CI^ 

Ar-CH-CIV^oa-^  Ar-CH-CH-CO-N-CH-Cl%-CO-N-CH~CI^-CO-. . .  etc. 

Ar  Ar 


The  preparation  of  The  ester  of  the  amino  acid  was  accomparied  by  deamination;  a  mixrire  of  tne  escers  of 
cinnamic  and  b-phenyl-0  ^N-methylamlnojpropiocic  acids  resulted.  As  a  result,  the  ester  of  the  amino  acid  was 
isolated  in  the  form  of  the  hydrochloride  and  In  low  yield.  subseque*.:  eupcrlmenn,  the  reaction  for  the  prepara¬ 
tion  of  the  amide  was  conducted  without  the  isolation  c:  t.T'e  esre.*  in  the  free  »ute  by  the  action  o!  ammonia  In  tiie 
cold  on  a  solution  of  the  ac  id  chloride  in  alcohol.  The  reaction  miKture  obuined  was  usually  allowed  to  for 
10-12  days  at  room  temperature,  and  the  desired  amU-  was  isolated  in  a  yield  of  25-30^  of  tf^  theoretical. 

The  ease  of  the  process  of  deamination  of  the  amide  of  N-methyl-e-phenyl-fi-alaniM,  as  well  as  the  possible 


y 
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action  of  hypobromitc  on  the  uspretccted  secondary  amino  grcup  complicated  tiie  course  of  the  Hoffmann  reaction, 
and  for  this  reason,  N-methylphenylglyoxalidone  was  only  i^epared  In  a  low  yield  (20  “25^).  Test  conducted  at  the 
VUciobiological  mstituie  of  the  Academy  of  Sciences  of  the  U.S.S.R.  showed  that  the  glyoxalidone  did  not  possets 
antibiotic  activity. 

Fcvthe  further  characterization  of  B-phenyl-SnNmethyiaminojpropionic  acid,  its  N-tiitioaO“>H)en2oyl  deri¬ 
vative  and  its  amide  were  synthesized  in  good  yields. 

During  attempts  to  cyclize  hH>en20yl-l'hinetbyl”6“pben>l-fi*alaaylamide  into  l'TOethyl-2,6*dlphenyl"4^xO“ 
letrahydLropyrimidine  by  the  action  of  ac'.etic  anhydride,  a  thick  oil  was  isolated  which  did  not  distill  at  ordinary  or 
reduced  pressxes.  The  reaction  product  did  not  lend  itself  for  ix.rlficatiO£i  by  means  cf  t  rystallization  from  various 
organic  solvents  either.  NH!)enzo>l"hHnethyl“6"^)he>iYl“6''a]ari‘rc  was  Isolated  in  unchanged  form  from  the  mother 
liquor  wldioui  contamlTiation  with  bcnzoii'  acid.  The  abseiU'e  of  the  last  »:ompound  showed  that  reaction  of  N- 
benzoyl-Nmethyl-S-phenyl-fi-alanylamide  with  arctic  anhydride  wa*  not  aci-omparied  by  trans-acvlatloi\  in  con¬ 
trast  to  amino  acids  with  primary  amino  groups  [2], 

Tne  dehydration  of  the  amide  did  not  occur  even  upon  he«ti.ng  with  o<alic  a-:  id  tr  be  ozene  and  toluene. 

Upon  heating  fH^enzoyl-N-methyl-B-phenyl-B-ulanylamide  witlt  oxalic  arid  without  solvents,  ibe  leaction  staned 
at  145-150*.  It  was  shown  that  the  nuin  nod'h.  i  of  tf-c  reaction  was  ■rimurplc  amide  whl.'h  formed  as  a  result  of 
the  deamlnition  process  of  the  amide,  and  tlut  the  lorrration  oi  ihe  tettahydropyrlmidlne  nng  did  not  occur. 

EXPER.IMENTAL 

Synthes u  of  N-methvi-6*phepyI-6-fllanine.  A  mixture  of  28.5  g  of  bcnzalmcthylamlne,  23  g  of  malonlc 
acid,  and  115  ml  of  benzene  was  neated  to  boiling  on  the  water  bath  for  B  hours.  The  evolution  of  cJirbon  diox¬ 
ide  gas  and  the  formation  of  a  precipitate  of  the  aminoat  id  occurred.  At  the  end  of  tlte  reaction,  ether  was  added 
to  the  cooled  reaction  mixtum  for  the  complete  precipiuticn  of  the  amino  acid  (the  ether  and  benzene  used  m  this 
experiment  were  dried  over  calcium  chloride). 

The  precipiuted  amino  ac  id  was  filtered,  washed  with  ether  on  the  funnel,  and  dried.  M.p.  167-168*. 
yield  20.8  g,  l.e.  52.5  of  the  theoretical.  11.2  g  of  the  cinnamk  acid  was  isolated  from  the  ether  benzene 
filtrate  which  was  34.2^  of  the  theoretical. 

Preparation  of  6t>henyl-6-(N-methylam.irto)proptonylackl  chloride.  lOg  N-inethyl-B-pheayl-B*alanlne  was 
added  gradually  to  22  g  of  thionyl  chloride  with  ice  cooling.  Tlie  mixture  obuined  was  heated  on  the  water  badi 
for  2  hours  at  45-50*  (thermometer  inside  the  flask).  The  precipiuted  light  yellow  residue  which  was  the  hydro¬ 
chloride  of  Nmethyl-S-phenyJ-B-aUnine,  was  filteied.  washed  with  benzene,  then  ether,  and  dried  m  a  vacuum 
desiccator.  Yield  11.2  g  of  white  crysols,  (about  85.7  ‘Jk  of  the  theoretical).  The  substance  melted  at  128-129* 

(with  decomposition). 

Found  V  Cl  30.10,  29.92;  N  6.12.  CalcuUtcd  V  Cl  30.34;  N  5.98. 

Synthesis  of  the  esier  or  N-methyl-e-phenyl-fl-fllanlne.  2  g  of  N-methyl-B-phcnyl-B-aUniise.  10  ml  of  ab¬ 
solute  alcohol,  and  2  g  of  concentrated  sulfuric  acid  were  heated  to  boiling  or.  a  water  bath  for  5  hours.  At  the  end 
of  the  reaction,  die  alcohol  was  removed,  and  the  solution  was  extracted  with  ethe.”  after  neutralization  with  sodium 
hydroxide.  The  oil  remaining  after  the  removal  of  the  ether  did  not  give  a  definite  boiling  point  at  cndlnary,  as 
well  as  reduced  pressures.  The  odor  of  methylamlne  was  detected  upon  distillation.  Evidently,  the  pnscess  of  deam¬ 
ination  occurred,  and  the  e^her  ester  of  N-methyl-B-phenyl-B'OUnlne  was  panlally  convened  into  ethyl  clnnamate. 
This  assumption  was  proved  by  the  analysU  for  nitrogen  of  die  mixture  of  esters.  The  nitrogen  conteni  was  equal 
to  3.7  and  3.9  wliereas  jie  ethyl  ester  of  N-methyl-6  -pbenyl-S-aUnine  should  conuin  6.76%  of  nitrogen.  The 
ester  of  the  amino  acid  was  isolated  in  the  form  of  the  hydrochloride  by  passing  byditigen  chln^lde  into  an  edier 
solution  of  the  mixture  of  esters.  White  crystals  with  m.p.  113-114*. 

Found  %:  N  5.91,  6.12.  HCl.  Calculated  %:  N  5.75. 

N-methyl-3  phenyl-6-alanylamlde.  10  g  of  N-methyl-e-phenyl-6-ftlanyl  acid  chloride  hydrochloride 
was  dissolved  In  100  ml  of  absolute  alcohol,  saturated  with  ammonia  in  the  cold,  and  left  in  a  closed  conuiner  fot 
8-10  days  at  room  temperature.  The  precipitated  ammoiium  chloilde  was  filtered,  and  the  alcohol  was  removed. 

The  resluue  after  the  removal  of  the  alcohol  was  a  mixture  of  crystals,  soluble  In  a  suffk.ient  amount  of  water,  and 
an  oU  insoluble  In  water  and  hydrochloric  acid.  After  treating  the  reUdue  with  water,  the  oU  which  separated  was 
extracted  with  ether,  and  after  the  temoval  of  the  ether  and  recufk^tion.  4  g  of  ethyl  clnnamate  was  obuined. 


The  rem*ininB  Jqueow  solution  was  evapcwted  to  a  imaU  voliune.  The  separated  crystals  of  N-me&yl-S -phenyl- 
S-alanyUmide  hydrochloride  were  recrystallized  front  ethyl  alcohol.  2.5  g  white  necdJes  with  m.p.  215-216*  was 
obtained.  The  yield  of  the  amide  hyd.rochlonde  was  26.7  and  about  58^  of  the  theoretical  based  on  the  acid 
chloride  not  subjected  to  the  deamination  process. 

Found  N  13.24,  13.27.  C^Hj^Ol'^CL  Calculated  %  N  13.05. 

The  base  of  l'J^ethyl-fi-phenyl-6-alai%-l  amide  was  very  solubie.inK/).In  order  to  isolate  it,  an  aqueous  solu¬ 
tion  of  tiie  hydrochloride  was  neutralized  with  sodium  carbonate,  evaporated  to  dryness,  ain!  extracted  with  absolute 
alcohol.  After  the  icmoval  of  the  alcohol,  the  compound  obtained  was  recrystallized  from  benzene.  White  crystals 
with  m.p.  103-104*. 

Found  N  15.76.  15.76.  Calculated^:  N  15.72. 

Synthesis  of  N-roethylphenylglyoxalldone.  2  g  of  bromine  was  added  6-opwlse  to  a  solution  of  4  g  of  potas¬ 
sium  hydroxide  in  20  ml  of  water  cooled  to  “S-IO*.  1,6  g  of  N-rocihyl-fi-phenyl-fi-alanylamlde  hydrochloride  was 
added  gradually  to  tlae  obuined  solution  of  the  hypobromite  at  the  same  temperature.  After  2  hours,  the  clear  yellow 
solution  obulncd  was  slowly  heated  to  80*.  At  about  55*.  the  liquid  in  the  flask  clouded  as  a  result  of  the  separation 
of  the  intenmcdlatc  compound  in  the  form  of  an  oil.  Upon  further  Increase  in  temperature,  the  liquid  once  iikxc  be¬ 
came  transparent.  The  heating  was  cor.Uxmed  for  10  minutes  at  80*.  Upon  coolhig,  yellow  crystals  of  N-methylphenyl- 
glyoxalidonc  slowly  ptecipiuted  from  the  solution  In  an  0.3  g  quantity  (22.9‘S>of  the  tiieoretical).  Its  melting  point 
was  147-148*,  and  after  iccrystallization  from  water  with  carbon  or  from  alcohol,  white  needles  with  m.p.  150-151* 
were  obtained. 

Found ‘31:  C  67.98,  68.08;  H  6.74,  6.82;  N  16.14.  CuHaOh^.  Calculated ‘Ji:  C  68.16;  H  6.81;  N  15.90. 

S^^nhesis  of  N-mtro50-N-meihyl-5  -phenyl -3 -alanine.  A  solution  of  2  g  of  sodium  nitrite  in  20  ml  of  water 

was  added  to  a  solution  of  4  g  of  the  N-roethylamino  acid  In  40  ml  of  5^  hydrochloric  acid.  The  reaction  proceeded 
at  room  tempejature  at  first  and  then  at  30-35*.  A  precipiute  of  the  nitroso  compound  farmed  gradually  In  the  form 
of  white  crystals  with  m.p.  104-106*.  After  iccrystallization  from  water,  platelets  melting  at  107-108*  were  obtained. 
Yield  of  the  recrystalllzed  compound,  3.S  g  (about  81.7^  of  the  theoretical). 

Found ‘5t;  N  13.58,  13.36.  CjiHuO^^.  Calculated ‘St:  N  13.46. 

Benzoylation  of  N-rnethyl-fl-pheny!-£ -alanine.  25  g  of  N-methyl-6-phepyl-6-alanine  and  25  g  of  potassium 
hydroxide  were  dissolved  in  250  ml  of  water,  and  25  g  of  benzoyl  chloride  was  added  to  the  solution  at  room  tem¬ 
perature  The  reaction  was  conducted  with  mechanical  stirring  for  2  hours.  The  clear  solution  was  then  acidified 
with  hydrochloric  acid  to  Congo.  The  preciplutcd  mixture  of  the  bonzoyl  derivative  and  benzoic  acid  was  treated 
with  boiling  water.  After  cooling  the  hot  solution,  5  g  of  benzoic  acid  with  m.p.  110-115*  precipitated  from  It. 

The  undlssolvcd  residue,  29  g  of  benzoylmethylamioo  acid  with  m  p.  156-157*,  was  recrysuUized  from  alcohol  and 
melted  at  157-168*.  Yield  of  the  benzoyl  derivative  was  74.5  ‘5»  of  the  tbcoreticaL 

Found'S!);  N  6.24,  5.30.  Calculated^;  N4.95. 

ftepara*ion  of  bH>enzoyl-N-niethyl-6-phenyI-6-alanYltmlde. 

1)  From  N-methyl-a-phenyl-g -alanine.  1  g  N-methyl-6-phenyl-d -alanine  and  1  g  of  thlonyl  chloride  were 
heated  for  2  hours  at  40-45*.  The  excess  Lhionyl  chloride  was  removed  In  vacuum.  The  obuined  dark  vellow  oil 
was  dissolved  in  dry  benzene  and  treated  with  ammonia  in  the  cold.  The  precipiuted  yellow  residue  was  washed 
with  benzene,  water,  and  recrystalllzed  from  alcohol.  Yield  0.79  g  crystals  with  m.p.  172-1 14  ,  or  50.4  ^  of  the 
theoreticaL  After  rccrystalllzation  from  alcohol,  the  melting  point  increased  to  175-176*. 

Found -Sk;  N  10.03.  C„HuC\N,.  Calculated ‘3fc:  N  9.93. 

2)  Fiom  N-methyl-  fi-phenyl-3-alanyIamide.  0.4  g  of  N-inethyl-6-phcnyl-8-alanylamlde  hydrochloeide 
was  introduced  into  a  solution  of  0.2  g  of  sodium  hydroxide  In  2  ml  of  water.  0.27  g  of  benzoyl  chloride  was  added 
to  the  solution  obuined.  Upon  shaking,  cryi^uls  with  m.p.  171-172*  precipiuted.  After  rccrystalllzation  from  al¬ 
cohol,  0.45  g  of  crysuls  with  m.p.  175-176*  were  obuined.  The  yield  was  about  85.5  of  the  theoretical. 

A  mixed  melting  point  with  the  N-methyl-N-bcnzoyl-fi-pbenyl-d-aUnyl  amide  obtained  in  the  previous 
experiment  did  not  give  a  depresloa. 

SUMMARY 

1.  The  conditions  for  the  preparation  of  fi-phenyl-5-(N“methylamlno)proplDnlc  acid  were  studied. 
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2.  The  hydrochloride,  ethyl  ester,  amide,  aad  the  N-aitroso  derivative  of  6-phenyl-6-<N-iDethylamino)pro- 
plonic  acid  were  prepared  to  characterize  It, 

3.  The  benzoylation  of  the  jrfienylroedrylarrino  acid  was  effected,  and  the  synthesis  of  B-phenyl-fl-fN- 
ben20yl*N-methylamino)propu)naroide  was  accomplished  by  two  methods. 

4.  An  attempt  was  made  to  synthesize  l-methyl-2.6*<lIi*enyl-4-oxotetraLydropyrlmIdlne  by  the  dehydra* 
tion  of  the  beozoylamino  acid  amide  by  means  of  acetic  anhydride  and  anhydrous  oxalic  acid,  and  it  was  shotm 
that  the  formation  of  the  p\Timidine  derivative  did  not  occur  under  these  condluons. 

5.  T.he  reaction  of  S -phenyl-6 '<!<-fflethylaralno)proplonamide  and  pctassium  hypohromiis  was  studied, 
and  it  was  found  that  l-inethyl-6~phenyIglyoxalidone.%^hletii  does  not  possess  andblotic  activity,  was  obtained  bom 
this  reaction  in  a  25^  yield. 
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SYNTHESIS  AND  PROPERTIES  OF  SEVERAL  ARYL  DISILANES 


P.  S^  Sanin 


The  preparauoa  of  tetracyclic  monosilanes  was  reported  by  the  author  in  a  recent  communication  f!].  Con¬ 
tinuing  the  in\estigation  of  the  synthesis  of  high  molecular  silicon  hydrocarbons,  the  sx'uthesis  of  tri-  and  tetracyclic 
silanes  was  accomplished  according  to  the  following  scheme: 

(CjH5),SiC,H4MgBr  ♦  a-Ci»H7Si(OC,H5),— ►  (C,H5),SiC,H4Si(OC,H5),C„H7-c 


♦2C2H,MgBr 

t ''' 


+  ArLlgBr  (Ar  =  or  CH,C*H^ 


(C2H5),SiC,H4SUr(OC,H,)Cj,Ht-a 

•fAlkMgBr  ^ 

^  (Aik  =  C^Hj.  n'C4H^ 

(C:,H4),SiC,H4Si(ArKAlk)Ci,H,-« 


The  tetracyclic  disilanes  prepared  under  the  below-given  corxlitions  were  found  to  be  higlfl**  viscous  Ikpiids 
at  ordinary  temperatures:  the  change  of  the  viscosity  with  temperature  is  given  for  t%iro  aromatic  disilanes  in  die 
Figure.  • 

EXPERIMENTAL 

l-Trieihyl$ilyl-4-(a-naphthyldiethoxysilyl)ben2ene  was  used  as  the  starting  material  for  the  preparation  of 
silicon  hydrocarbons  with  two  Si  atoms,  which  was  itself  prepared  from  bromophenyitriediylsilane  obtained  under 
Gruttner  and  Krause's  p]  conditions,  and  a-naphthyliriethoxysilane,  synthesized  according  to  Khotinsky  and  Serc- 
zhenkov  p]:  the  reaction  was  conducted  with  an  excess  (1.6  of  thewy)  of  uiethylbromophenylsilane. 

l-TfiethyiSilyl-4-tC-naphthyidiethoxysilyl)benzene  (Q. 

"O  y  of  fl-nap!ithylttieihoxysilane.  108  g  of  bromo phenyl tri* 

etiiylsilane.  12  g  of  magnesium.  1  g  of  iodine.  400  ml  of  l600r  / 

ether,  and  lOu  ml  of  toluene  were  used.  An  erher  solution  of  l¥00~  \ 

bronxjphenyluiethylsilane  was  added  in  two  portions  to  a  mix-  ^ 

ture  of  me  magnesium  and  the  iodine  in  a  flask  equipped  with  ^  .  \\ 

a  stirrer.  Several  minutes  after  the  addition  of  the  first  half  ^  ^  \\ 

^  800  -  \\ 

of  the  ether  solution,  an  energetic  reaction  began  which  almost  ^ 

stopped  within  a  half  hour;  then  the  second  half  of  the  ether  ^  ^ 

solution  of  the  bromophenyltriethylsilane  was  added,  and  the 

flask  was  heated  on  the  water  bath  for  3  hours  more  at  the  ZOO  *  ^ _ 

end  of  the  encrr.ctic  reaction.  The  naphthyltriethoxysilane.  tfl  — j - A  ’ 

So  10  80  80  too 

diluted  witfi  eiher  (1;  1)  was  added  to  the  magnesium  bromo- 

phenyltriethylsilane  prepared  in  the  above  manner,  and  the  Variation  of  the  kin^^c’vi^^y  with  the 

reaction  mass  was  heated  for  1  hour  on  the  water  bath:  the  temperature  I)  l-Tiiethylsilyl-4-<a-naphtliyl- 

ether  was  then  rc:novcd  and  replaced  with  toluene  in  which  p  tolylcthylsilyl)benzenc;  II)  l-tnethylanil-4- 

thc  heaUng  was  conunued  for  2  hours  on  the  boiling  water  (c-naphth>iphenylethylsUyl)benzene. 

bath.  Upon  cooling  the  flask,  the  reaction  mixture  was 
treated  with  20  NH«|Cl;ihc  upper  layer  which  separated  was 

removed  from  the  aqueous  solution  after  the  addition  of  50  ml  of  ether  and  dried.  After  the  removal  of  the  ether 
and  the  toluene,  the  residue  (130  g)  was  vacuum  distilled  at  7  mm  and  the  following  fractions  were  collected 
1)  65-130*  (main  pan  at  102 -104*) -2Sg;  2)  130-220*-ll  g:  3)  240-246‘-76  g:  4)  residiie-13  g. 


Variation  of  the  kinematic  viscosity  with  the 
temperatiue,  I)  l-Tiiethylsilyl-4-<a-iiaphtliyl- 
p  tolylcthylsilyl)beiuenc;  10  l-tnediylaiiil-4- 
(c  -naphth>iphenylcthylsilyl)bcnzeiie. 


i 


the:  dc-conipasi- 


Tlie  1st  fraction  was  slio-n  to  be  f^jcnylnittliylsilani.  upon  in.cstiiaxion;  ire  *i 

ticn  of  the  unreacted  masnesium  broinophcnyiUiethylsilane  with  water. 


The  2nd  fraction  was  collected  in  the  interval  242-24::*  (7  mm)  upon  rcdistillaiion:  d|5  1.025. 

0.1792  g  subsunce:  0.4746  g  CO^;  0.1368  g  1^0.  0.6324  g  subsance:  0.1773  g  SiC^.  0.0570  g  substance: 

14.35  ml  0.1  N  Na,S,p,.  Found  C  72.22;  H  8.54:  Si  13.08:  OC,Hj  18.86.  C^»H„Si,(^.  CalcuUtcd 

C  71.50;  H  8.31;  Si  12.86;  OC,H,  20.64. 

The  increased  amount  of  carbon  and  the  decrease  in  the  ethoxyl  groups  was  caused,  evidently,  by  fixe  presence 
of  Impurities  of  the  dUUane  (CjHjijSiC^H^SifCjHs),,  whose  formation  during  fixe  preparation  of  magnesium  btomo- 
phcuyltriethylsilane  has  been  reported  by  Gruhner  and  Krause  |21 

l^TtiethylsllyW-^g  *iaphthyl-p  tolylethoxysilyllbenzene.  The  following  were  used:  the  diethoxy  derivative 
(Q,  33  g.  p-bromotoluene,  106  g,  magnesium.  15  g.  ether  300  ml.  and  toluene  100  mL  An  ether  solutioa  (1:1)  <rf  the 
diethoxy  derivative  was  added  at  room  temperature ofiep^lyl  magnesium  bromide,  aftet  the  rcpiaceroent  of  the 
ether  with  toluene,  the  reaction  mixture  was  bearec  ‘Or  3  hours  on  an  oil  bath  to  the  boiling  point  of  the  toluene. 

The  contems  of  the  flask  were  diluted  with  water  and  10  ^  sulfuric  acid;  the  toluene  solution  was  washed  and  dried 
after  separation,  and  subjected  to  distillation:  the  residue  (40  g)  after  the  remoal  of  the  toluene  was  vacuum  dia- 
tllled.  A  fraction  with  b.p.  282  -  284*  (7  mm)  -26  g  (72^);  dJJ  1.0470  was  isolated. 

0.2608  g  subsunce:  0  7438  g  CO^:  0.1880  g  HjO.  0.6424  g  substance:  0.1632  g  SiC^.  0.0788  g  substance: 

8.57  ml  0.1  N  NajSjO,.  Found ‘Jt:  C  77.78;  H  8.06;  SI  11.85;  OC,Hj  8.80.  CuHuSi,0.  Calculated  V 

C  77.11;  H  7.95;  Si  11.63,  OCtH^  9.32. 

1-Tiiethylsllyl^  c -naphthyl phenylethoxv’silyl>benxene  was  obtamed  from  33  g  of  ti>e  diethoxy  derivative 
(1)  under  the  above  reported  conditions  in  an  80 ‘jo  yield  in  the  form  of  a  viscous  yellow  liquid  with  b.p.  274  •276* 

(7  rom)  and  df|  1.055. 

0.2076  g  subsunce.  0.5914  g  CO^:  0.1444  g  H|0.  0.5730  g  substance:  0.1453  g  SiO^.  0.1048  g  subtance: 

12.84  ml  0.1  N  Na,S|(\.  Found  C  77.69;  H  7.78;  Si  11.83:  OCsH^  8  90.  C,|HKSitO.  Calcalated  ^ 

C  76.86;  H  7.75;  Si  11.98;  OCjH*  9.61. 

The  following  silicon  hydrocarbons  were  syutbeslTed  by  substituting  alkyl  groups  for  ethoxy  groups  In  the 
ethoxy  derivatives  obuined  i-nder  condition  reported  fet  the  preparation  of  monoslUnes  [1]. 

l-Triethvlsilvl-4-(c-naphthyldIethvlsilvllbenzene  with  a  yield  of  765»  of  the  theoretical:  b.pL  249-252* 
(7um);d|5  0.9943. 

0.1958  g  subsunce:  0.5562  g  CO^;  0.1614  g  i%0  0  6268  g  subsunce:  0.1890  g  SiO^. 

Found  C  71 47.  H  9.22:  Si  14.07.  CmHjSI^  Calculated^:  C  77.15;  K  8.97;  Si  13.88. 

l-Trlethylsilyl-4-(  a  -ruphthylphenvlethylsUvllbenzene  with  a  yield  of  90 5*  of  the  theoretical;  b.p.  276-278* 
(7inm);du  1.0406. 

0  2206  g  subsunce:  0.646^  •»  CC^;  0.1 612  g  0.6250  g  subsunce:  0.1607  g  SiC^.  Found  5k:  C  79.84: 

H  8.17;  Si  12.00.  C|,H„Si,.  Calculated  5o:  C  79.57;  H  8.02;  Si  12.41. 

l-Trlmethylsllyl-4-f a  -naphthvl-p-tolvlcthylsllyl)benzene  was  obuined  with  a  yield  of  855k  of  the  tbermtical: 
b.p.  284-286*  (7  ram):  d^  1  035. 

0.2246  g  subsunce;  0.6568  g  CO^;  0  1700  g  H,0.  0.6022  g  subsunce:  0.1379  g  SiO^.  Found  5k:  C  79.70: 

H  a46;  Si  10.67.  CjiH^l,.  Calculated  5k;  C  79.76;  H  8.21;  Si  12.03. 

l-Tftcthylsllyl-4-(a-naphthyl-p-tolyl  n  ■butylsllyl)benaeDe  was  obuined  wifii  a  yield  of  6051  of  the  tbeoret&cals 
b.p.  293-295*  (7  rom):  d|j  1.024. 

0.2234  g  subsunce;  0.6554  g  CC^;  0.170C  g  H|0.  0  7168  g  substance:  0.1587  g  SiO^.  Found  5k:  C  80.01: 

H  8  51;  Si  10.33.  CnH^tSli.  Calculated  5*:  C  80.08;  H  8.56;  SI  11.36. 

The  last  three  disUanes  are  thick,  poorly  mobile,  yellow  colored  liquids. 

The  determiiution  of  the  carbon  and  hydrogen  for  all  of  the  compounds  synthesized  was  effected  by  the 
combustion  of  the  sample  of  the  substance  in  a  tube  wifii  copper  oxide.  The  silicon  was  determined  by  meaiu 
of  oxidation  with  coocentuted  l^SO^  in  the  presence  of  KjSO^  and  CuSG^und  the  ethoxyl  groups  according  to 
Kieshkov  and  Nessonova  [4]. 
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SUMMARY 


The  following  were  newly  syntheiized:  l"trieihylsilyl-4-(a*naphriiyldieihoxysilyl)benzene,  l-triethyl- 
jflyl-l-(a-naphthyl-p-tolylethox>-sUyl)ben2ene.  l-ttiethylsUyl-4-<a-naphthylphenylethoxj-sUyi)bcnzeDe.  and  the 
silicon  hydrocarbons:  l-triethyhllyl-4-(a-naphthyldiethykUyl).bcn2ene.  l-triethylsilyl-4-<a-naphrhyl?henylethyl- 
•silyl)benzene.  l-ttiethyl$ilyl-4-(C‘mphthyl-iKolylethyl$ilyl)benzeQe,  l-trieihylsUyI-4-{a-naphihyl-p-tolyl-n- 
butylsilyUbenzene. 
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A  NEW  METHOD  FOR  THE  SYNTHESIS  OF  ORTHO 
DERIVATIVES  OF  BEKZOTRIFLUORIDE 


L.  M  Yagupolsky  and  N.  I.  Manko 


The  trifluoromethyl  group  is  an  electropositive  ineta-directing  group,  for  this  reason,  the  rneta  derivatives 
of  benzotrifluoride  nave  been  the  nrosi  accessible  and  investigated  A  n'ethod  for  the  synthesis  of  para  derivatives 
has  also  been  reported  [1].  TliC  or cho -substituted  benzotrifluorides  have  remained  the  least  accessible.  Up  to  now, 
they  were  prepared  by  means  of  o-aminobenzotrlfluoride  [IX 


In  1951,  a  method  for  the  {reparation  of  o-bromobenzotiifluoride  was  lejxjried  which  consisted  of  the  metaliz- 
at  ion  of  benzotrifluoride  with  butyl  lithium  followed  by  the  substitution  of  the  lithium  by  bromide  PI  The  yield  of 
o-bromobenzcirifluoride  was  28*55  of  the  theoretical.  o-Triflucromethylbenzoic  acid' was  irepaied  from  iL  The 
low  yield  of  o-bromobenzotrifiuoride,  and  the  complexity  of  us  {reparation,  lowers  the  value  of  die  above  method. 


The  authors  decided  to  try  and  find  a  simpler  and  more  convenient  method  for  the  synthesis  of  o-  deriva¬ 
tives  of  benzotrifluoride.  The  {>ossibility  for  the  preparation  of  o-trifluoromethylbenzonitrile  feom  the  corres- 
{xindlng  tiichloromethyl  derivative  [3]  was  Investigated  for  this  {)ur{>ose.  The  fluorination  of  c-ttichloromethyl- 
benzonitrile  with  antimony  trifluoride  was  found  to  {iroceed  smoothly  with  a  yield  of  78*51>.  This  made  possible 
its  use  as  a  starting  material  for  the  synthesis  of  ordio  derivatives  of  benzotrifluoride. 

o-Ttifluoromeihylbenzonitrile  is  reported  in  the  literature.  !t  was  prepared  from  the  conesponding,  diffi¬ 
cultly  accessible,  amine  in  low  yield.  It,  evidently,  was  not  Isolated  in  the  pure  form.  The  reported  m.p.-f7.5* 

[4]  is  inconect;  an  m.p.  -t-18*  was  found.  Several  derivatives  were  obtained  from  o-nifluoromethylbenzonitrile  . 
These  substances  were  known  previously.  However,  the  methods  used  by  the  authors  for  their  synthesis  were  simpler 
and  gave  considerably  better  yields  Thus  o-trifluoromethylbenzamide  was  prepared  in  an  87*5»of  the  theoretical 
yield  from  o-trlfluoromethylbenzonitrlle  by  the  action  of  30To  hydrogen  peroxide.  In  the  presence  of  alkali,  on  an 
alcoholic  solution  of  the  nitrUe.  according  to  Radziszew'ski  [5X 

CF,  CT, 

I  i  -O 

(NaOH)  r 

2  ■  *  2Hfi,  "  V  2|  ,  NH,  ♦  Oj 

^  ^  V 

The  amide  of  o-trlfluoromethylbcnzoic  acid  was  previously  prepared  by  heating  its  methyl  estei  for  36 
hours  at  110*  in  a  sealed  tube  with  concentrated  ammonia  solution,  [61 

o-Trifluoromcthylaniline.  which  previously  served  as  starling  substance  for  the  synthesis  of  ouho  derivatives 
of  benzotrifluoride,  was  obtained  in  a  yield  of  72*5*  of  the  theoretical  from  o  cifluoromethylbenzamide  by  the 
Hoffman  reaction. 


o-Trifluoromeihylbenzolc  acid  was  previously  synthesized  (in  addition  to  the  above  reported  method  with  the 
aid  of  lUhium  organo-compound)  by  boiling  the  nitrile  with  10*5#  sodium  hydroxide  for  80  hours  [61  A  consider¬ 
able  amount  of  phthalic  acid  was  also  obuined.  o-Trifluoromethylber-zotc  acid  was  obtained  from  its  amide 
by  Bouveault's  iDethod{7]: 


CF, 

CONH, 


NaNO^ 


CF, 


COOH 


The  hydrazide,  unreixjned  in  the  literature,  was  obtained  from  ethyl  o  t’fluoromethvIbePzoaTe  which  was 
Si-ntlicsued  by  the  authors,  by  boiling  a  for  many  hours  with  hydrazine  hydrate. 
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The  above  difficulty  in  converting ffhylotriflooroir^thylbenzoate  into  die  hydrazide.  as  well  as  the 
difficulty  irecTioned  in  the  lireranife  in  preparing  the  methyl  ester  (two  day  boiling  of  the  acid  with  y  rogen 
chloride  in  methyl  alc-*>ol  [6X  and  the  amide  [61  Indicates,  evidently,  that  the  CF,  group  causes  sicric 
hindrance. 

EXPERIMENTAL 

o-Ttichloromethylbeneomsile  f3l  2u  g  of  o-tolylnitrile  prepared  from  o-toluldlne  p]  was  placed  Into  a 
100  ml  round  bottom  flask  equipped  viih  a  two  necked  ada.scer.  A  bubbler  was  introduced  through  one  of  the 
necks  and  the  other  one  was  conriected  to  a  condenser  protected  by  calcium  chloride  tube.  The  flask  was 
heated  on  an  oU  bath  to  150*.  Illuminated  by  a  merctiry  lamp,  and  chlonne  was  passed  in  through  the  bubbler 
unul  an  increase  in  weight  of  17  g.  The  oil  bath  lemperatu'^e  was  gradually  increased  to  185*  during  the  process 
of  chlorination.  The  reaction  mass  was  vacuum  distilled.  Two  fractions  wc’c  collected:  1)  up  to  a  constant  boil¬ 
ing  point  it  8  mm.  11.2  g.  2)  b.p  151-152*  at  8  mm,  22.16  g.  Both  ftactioaciysullued  at  the  ume  time. 

M  p.  of  Fraction  1.  85-€7*.  Melting  point  of  Fracuon  2.  94-95*',  coresponding  to  that  reported  In  the  llicratuie 
[3]  for  o-trichlororoethylbenzoninile.  lO.l  g  of  the  product  with  m  p.  94-95*  was  Isolated  from  Fraction  I  after 
recrystallization  from  alcohoL  The  total  yield  was  35.26  g  or  of  the  theoretical. 

o-Trifluoromeihylbenzo nitrile.  20  g  of  o-tnchloiomethyibenzonltrile  was  mixed  with  20  g  of  antimony  trl- 
fluoride  in  a  100  ml  Wurtz  flask.  The  mixture  was  heated  until  a  homogenous  liquid  formed  and  distilled.  ‘Hie 
distillate  was  dissolved  in  a  mixture  of  ether  and  6  N  hydrochlotlc  acid,  the  ether  layer  was  washed  several 
times  with  6  N  hydrcKhloric  acid  until  complete  removal  of  the  SbCl^  then  1-2  times  with  water,  and  dried  over 
anhydrous  NajS04.  The  ether  was  removed  and  the  residue  distilled.  B  p.  204-206*.  Yield  11.9  g.  The  substance 
readily  crysuU^d  In  an  Ice  bath  and  had  an  m.p.  18*.  Found  N  8.28.  8.22.  CiH^NF}.  Calculated  %  N8.18. 

o-Trin-jornmethylbenzamide.  13  g  of  o-trifluoromethylbenzonitrile,  50  ml  of  95^t  ethyl  alcohol.  33  ml 
of  30^  hydrogen  peroxide,  and  5  ml  of  6  N  sodium  hydroxide  were  placed  into  a  250  ml  round  bottom  flask. 

The  mixture  started  to  evolve  oxygen  at  once.  The  reaction  was  accompanied  by  a  strong  evolution  of  heat.  The 
temperature  was  kept  at  40-50"  by  external  cooling.  The  exothermic  reaction  moderated  iwticeably  after  1  hour, 
aivd  tiie  mixture  was  left  to  stand  overnight.  The  mixture  was  then  heated  for  3  hoius  to  50*  on  the  water  hath 
and  then  cooled  to  0*.  The  preclpiuted  ciysials  were  filtered,  we*J)cd  vl*h  water,  and  drled(ll  g).  M.p.  160-161*. 
which  coincides  with  that  reported  In  the  Iliera*ure  [6i  The  filtiate  was  alluted  -rtth  an  equal  volume  of  water 
and  again  cooled  to  0*;  1.5  g  more  of  the  amide  with  m.p.  260*  ic'n.ed.  Total  yield,  12.5  g. 

o-Ttifluoromethylanlllne.  A  solution  of  1C  g  of  sodium  hydroxide  In  80  ml  of  water  was  cooled  to  0*.  and 
2  5  ml  of  bromine  was  added  to  It.  The  cold  solution  sxtium  hvr)ob~omite  was  added  to  8  g  well  pulveilzed 
o-trifluoromethylbenzamlde  in  a  150  m'  flask  Tl.e  n>ixiii:e  was  mlx<u  until  complete  solution  of  tlie  amide  and 
placed  on  a  boiling  water  bath.  The  heating  was  continued  45  minutes,  and  the  flask  was  cooled  to  room 
temperature.  The  rmine  was  extracted  with  tmee  15  ml  pertions  of  ether,  the  coirbLneJ  erher  extracts  were  dried 
with  anhydrous  Na^SO^,  the  ether  removed,  and  the  a-tfifluorcmethylsnilire  vacuum  distilled.  Mp.  66-€7*  at  15  mm. 
Yield  4.9  g  The  acetyl  derivative,  obtained  flom  the  amL'^e  and  acetic  anhydride  in  pyridine,  had  an  m.p.  94-95* 
(reported  In  the  litetature,  m.p.  94.5*  (6 JO- 

o-Trifluorotrethylbenzoic  acid.  14.4  g  of  o-trlfluoromethylbcnzamlde  was  suspended  in  72  ml  of  water  in 
a  500  ml  three  necked  flask  equipped  with  stitiei,  thermometer  and  d.ropping  funnel  whose  tip  was  drawn  into  a 
capillary  going  to  the  bottom  of  the  flask.  36  ml  of  concentrated  sulfii  ic  acid  was  added  to  the  mixture  wldi 
stirring.  The  mixture  was  heated  to  98*.  The  amide  dissolved  completely.  12  g  of  sodium  nitrite  In  180  ml  of 
water  was  added  to  the  solution  with  efficient  sticing  from  the  dropping  furuicl.  The  temperature  of  the  reaction 
mixture  was  kept  at  98-100*;  It  was  neceassary  to  heat  the  flask  from  time  to  time.  After  the  addition  of  NaNO^ 
solution,  the  flask  was  cooled  with  cold  water,  and  the  acid  extracted  from  the  solution  witii  three  25  ml  portiona 
of  ether.  The  combined  ether  extracts  were  shaken  with  a  solution  of  sodium  hydroxide  The  aqueous  layer  was 
sepaiated  and  acidified  with  concentrated  h^wirochloric  acid.  The  precipitated  o-trifloo»oirethylbenzolc  acid 
was  filtered,  washed  with  water,  and  dned.  Yield  13.2  g  or  91‘S»o!  tht  theoretical  M.p.  107-108*  (an  m.p.  108.5* 

[6]  IS  given  in  the  liieratute). 

The  ethyleaer  cf  o-rrlfluoromethylbenzoic  acid  was  (Yepured  by  hearing  the  acid  chloride  witii  absolute  ethyl 
alcohol.  The  product  was  washed  with  water,  dried  over  and  vacuum  distilled.  B.p.  90-91*  at  10  mm. 


hydilzidc  was  paepaxed  by  boiling  the  ethyl  estei  of  tMt  acid  with  hydiazloe 


for  3  hours.  The  product  was  recryitalllzed  bom  aqueous  alcohol.  M.p.  134*. 

Found  N  13.55.  13.63.  C,H,OI^F,.  Calculated  5k:  N  13.72. 

SUMMARY 

A  new  way  of  synthesizing  ortho  deilTatives  of  benzouiflooride  has  been  found,  making  it  possible  to 
prepare  o-trifluoromeibylbenaontirlle.  oHiiflooromethylbenzoic  acid.'  and  o-trifliuromethylaniline.  while  it 
may  also  be  employed  in  the  preaptation  of  other  compounds  not  described  hitherto. 

LITERATURE  CITED 

[1]  R.  Jones..  J.  Am.  Chcm.  Soc..  69.  2346  (1947). 

12]  R.  Beukeset.  R.  Severson.  J.  Am.  Cbem.  Soc..  73.  1353  (1951). 

[3]  S.  Gabriel.  Br.  Weise,  Ber..  20.  3197  (1887). 

[4]  H.  Roucbe,  BuHAcad.  Roy.  Belg.  (5).  13.  346  (1927);  Chem.  Zcnu..  ^2373(1927). 

^]  Br.  Radziszewski.  Ber..  18.  355  (1885). 

[6]  St.  de  Brouwer.  BL  Soc.  Chem.  Belg..  39.  298  (1930); 

[7]  Booveault. Bull.  Soc  Chem..  (3).  9.  370  (1893). 

[8]  **  Synthesis  of  Organic  Preparations*.  L  39L 

Received  January  21.  1953.  Institute  of  Organic  Chemistry, 

Academy  of  Sciences  UkralnlanSSR 


1035 


SYNTHESIS  OF  CYCLOHEPTANE  DERIVATIVES  WITH 
THE  AID  OF  ACETOACETIC  ESTER 


V.  P.  Golmov 

In  one  of  the  pccTsan  communicitions  [IX  It  wu  shown  tiut.  if  the  reaction  for  the  forroation  of 
cycloheptane~l,l'^icarhczjlic  ester  with  the  aid  of  inaloTiic  ester  was  conducted  in  two  stages,  the  yield  of  the 
substance  was  considera^y  increased.  Cycloheptane-1,  Wicarboxylic  acid,  previously  mueported  in  the  litera** 
ture,  wer  obtained  I9’  sapcsirying  it.  it  appeared  to  be  of  interest  to  also  try  and  prepate  seven  roembered  rings 
with  the  aid  of  acetoacetfc  ester  since,  as  far  as  it  is  known,  the  given  reaction  has  not  been  studied  by  anyone 
up  to  now. 

For  this  purpose.  C'^ohexylacetoacetlc  ester  (^.  unreported  up  to  now,  was  initally  synthesized  in  the 
present  investlgatioa  by  tSac  action  of  sodio  acetoacetic  ester  on  hexamedrylene  Iodide. 

OV(CIV)/:i^CH(COCH,)COOC,I%. 

(1) 

The  yield  of  the  abc-.e  compound,  as  it  had  been  previously  shown  with  othe-  examples  [2],  varied  widt 
the  amount  of  the  dihako  derivative  used  in  each  separate  case.  Thus  for  example,  if  1  g  atom  of  metallic 
sodium  (in  the  form  of  de  alroholate),  4  moles  of  aceioacetic  ester,  and  1  mole  of  hexamethylene  iodide  were 
used  for  the  reaction.  C*^^^vylacetoaceuc  ester  was  obuined  in  a  yleldof  33.1^  of  the  theoretical,  the 
amount  of  hexamethyleaen^dil:  used  was  2  times  greater  than  required  by  calculations,  then  the  yield  of  the 
haloalkylacetoacetic  esrs;  was  increased  to  65.4*3(1  of  the  theoretical. 

With  a  3  fold  qwaariry  of  the  dihalo  derivative,  {-lodohexylacetoacetic  ester  was  formed  with  a  yield 
equal  to  74. 7  ^f  the  tbecretkaL 

The  yields,  calcalzrsd  on  the  basis  of  previously  given  theoretical  consideratloiu  PX  were  equal  to  36.6, 
60.4,  rnd  72.4 ?»,  respectively,  of  tlicory.  Therefore,  there  is  a  satisfactory  agreement  of  the  yields  obtained 
experimentally  in  the  girea  case  with  those  calculateo  on  the  basis  of  the  law  of  mass  action. 

The  secoixistage  cf  ^  reaction,  Le.,  the  cyclization  of  C-lodohexylacetoaceuc  ester  (Q,  was  coikducted 
in  dilute  (0.22  molar)  alcoholic  soluUon.  It  was  found  that  the  normal  reaction  produa  .  l-acctylcyclohep>une-l- 
-carboxylic  ester  (II).  focned  ia  a  yield  of  about  32^  of  thewy  was  subjected  to  alcoholysis  to  a  consixletable 
extern  with  the  focmarJea  of  acetoacetic  ester  and  the  ethyl  ester  of  cyclohepunecarboxylic  acid. 

C1^-CH,-C1^  CO-CH, 

J 

COOCjH, 

(D) 

For  yhi*  reason,  a  mixture  was  formed  In  the  end  which  consisted  of  the  ethyl  dster  of  cycloheptanecarboxylic 
acid  (yield  25.5^  of  the  thoosetical)  and  l^cetylcycloheptat’e-lxarboxyllc  ester  (yield  about  6^.  The  laner 
compound  was  charactezxzed  by  means  of  its  semicarbazonc.  In  addition,  a  Large  amount  of  high  molecular  con¬ 
densation  products  was  ohtaiied. 

The  alcoholysis  of  dialkylated  esters  of  6-keto  acids  under  the  catalytic  effect  of  alcoholate  has  been 
observed  many  times  in  the  past  [3X  The  cleavage  of  1-acetylcyclopenone-l-carboxylic  ester  formed  by  the 
action  of  sodio  acetoacetsc  ester  on  tetra methylene  bromide  [41  was  also  found  to  occur  with  the  formation  of  the 
ethyl  ester  of  cyclopentx:aecarboxylLc  acid  by  the  effect  of  sodium  alcoholate. 


EXPERIMENTAL 


The  hcxamethyleiie  iodide  recessaxy  for  the  invesOgatior  was  prepared  by  means  of  a  previously  reported 
method  PI  and  had  a  b.p.  135-138*  at  6  mm. 

C-i3dohexyIacetoacetic  ecer.  4.6  g  (0  2  g  atoms)  of  roeuUic  sodium  was  dissolved  In  75  ml  of  ab»lute 
alcohal.  and  tiiea  104  g  (0.8  molr )  of  freshly  distilled  acetoacetic  ester  (b.p.  70*  at  13  mm)  followed  by  203  g 
(0.6  mole)  of  hexamethylene  ioduie  was  added  to  the  alcoholate  solution.  After  heating  the  reaction  mixture 
to  belling  on  a  bath  for  4  hours  and  cooling,  the  reaction  product  was  poured  into  water  and  extracted  with  ether. 

The  ether  extracts  were  washed  w'ith  a  weak  solution  ofhyTxrsulfite,  dried  with  fused  calcium  chloride,  the  ether 
was  tiien  removed,  and  the  residue  fractionated  in  vacuum.  125  g  of  hexamethylene iodsde  was  recovered  (a 
fraction  with  b.p.  132-139*  at  6  mm),  and  58  g  of  a  fraction  with  b.p.  155-186*  (mainly  at  168-177^  at  6  mm  was 
obtained.  Upon  redistiUauon  of  this  fraction,  an  average  of  50.6  g  {74.4*S>of  the  theoretical)  of  a  colorless  oily 
liquid  which  rapidly  yellowed,  ws  isolated  at  152-156*  (1.5  mm);d**  1  3607;  r.«  1.4947;  MPj,  72.82.  CsHtiQ^L 
Calculated:  for  the  enolic  form  73.32:  for  the  ketonic  72  18.  average  72.75  . 

0.3481  g  subsunce;  0.5452  g  CO^;  0.1965  g  H,0.  0.3281  g  substance:  0.2274  g  AgI(according  to  Carius). 
Fouixl  ‘fi:  C  42.71;  H  6.28;  1 37.46.  CoHhO^L  Calculated  ‘Jk:  C  42  35;  H  6.18;  1 37.35. 

In  a  second  experiment,  44.5  g  ^5.4^;  of  (-iodohexylacetoacetlc  ester  was  obtained  from  4.6  g  (0.2  g- 
atom)  of  sodium,  dissolved  m  75  ml  of  absolute  alcohol.  104  g  (0.8  mole)  of  acetoacetic  ester,  and  135  g  (0.4  mole 
of  hexamethylene  iodide. 

In  a  third  experiment.  22.5 g  or  33.1^jof  the  theoretical  of  C-lodohexylacetoacetlc  ester  was  obtained  with 
the  use  of  the  theoretical  amount  (68  g  cr  0.2  mole)  of  hexamethylene  Iodide. 

Cyclizatlon  of  C-iodohexylacetoacetlc  ester.  3.45  g  (0.15  g  atom)  of  meulllc  sodium  was  dissolved  L** 

650  ml  of  absolute  alcohol.  51  g  (0.15  mole  of  C-lodohexylacetoacetic  ester  was  added,  and  the  mixture  was 
heated  for  3  hours  to  boiling.  The  main  pan  of  the  alcohol  was  distilled  off  (a  distinct  odor  of  acetoacetic  ester 
was  detected  in  the  distillate),  the  residue  was  poured  into  wata.  the  reaction  products  extracted  with  ether,  the 
ether  extracts  washed  with  a  dilute hyposulfate  solution,  dried  with  fused  CaCl|.  the  ethex<  removed,  and  the  residue 
fractionated  In  vacuum.  6.5  g  of  a  subsunce  boiling  at  72-76*  at  3  mm  and  2  g  of  fraction  with  b.p.  102-104*  at 
2  mm  were  obtained  A  large  amount  of  a  thick  residue  remained  in  the  flask.  The  fraction  with  b.p.  72-75*  upon 
redistillatlon.  boiled  mainly  ax  74*  at  3  mm  and  was  the  ethyl  ester  of  cyclohepune  carboxylic  acid.  (Yield  25.5 
of  the  theoretical). 

dj*  0.9515;  1.4482;  M%3  47.84;  Calc.  47.83. 

0.2234  g  subsunce:  0.5758  g  CO,;  0.2165  g  H,0.  Found  C  70.29.  H  10  76.  CuHuO,.  CalcuUted 
C  70.59;  H  10.59. 

6  g  of  the  cyclohepunecarhoxylic  ester  was  saponified  with  an  aqueous  alcoholic  poussium  hydroxide  solu¬ 
tion,  the  akobol  removed,  the  residue  acidified  with  sulfuric  acid,  and  the  precipitated  liquid  acid  extracted  wUh 
ether.  The  ether  extracu.  dried  with  fused  CaCl,,  left  an  acid,  after  the  removal  of  the  solvent,  which  was 
distilled  at  ordinary  pressure  (709  mm)  where  it  boiled  at  248-261*  (5).  Yield  was  3.9g  (  78^  of  the  tbeoreticafi. 

The  amide  of  cycloheptanecarboxylic  acid  obtained  In  the  usual  manner  p)  ^by  means  of  the  acid  chloride), 
melted  at  195-196*  (5)  after  2  recrystallizations  from  dilute  alcohol.  The  fraction  with  b.p.  102-104*.  according 
to  constants  and  resulu  of  elementary  analysis,  was  the  not  completely  pure  ester  of  1-acetylcyclohepune-l-car- 
boxylic  acid.  For  this  reason,  it  was  treated  in  the  cold  with  a  solution  of  semkarbazide.  The  separation  of 
crysttls  sttrted  on  the  following  day  Several  days  later,  the  crysuls  were  filtered  and  twice  recrysullued  from 
alcohol,  after  which  they  melted  at  193-194*. 

0.1122  g  subsunce:  0  2392  g  CC^;  0.0900  g  H,0.  0.0865  g  subsunce:  9.55  ml  0.1  Nl^S04  (*cc«ding  to 
Kjcldahl).  Found  ‘fc:  C  58.05;  H  8.91;  N  15.46.  Calculated  C  58  00;  H  8.55;  N  15.61. 

SUMMARY 

1.  C-Iodohexylacetoacetk  ester  was  obuined  by  the  action  of  sodlo  acetoacetic  ester  on  hexamethylene 
Iodide.  By  using  1  mole  of  hexamethylene  iodide  for  1  mole  of  sodium  alcoholate  and  4  moles  of  acetoacetic 
ester,  the  yield  of  C-lodobcxylacetoacetic  ester  was  equal  to  33  l%of  the  theoretical  By  using  twice  the 


theoretlcil  tojcuni  of  hcxtrocthylene  iodide,  the  yield  of  the  reaction  product  wai  65.4l»  and  with  a  3-fold 
arnount,  74.4^  of  the  theoreticaL  The  yields  obtained  agree  satisfactotily  with  calculated  on  the  basis 
of  the  mass  action  law. 


2.  Upon  cyclizatioa  of  C^odohexylacetylacetic  ester  with  the  aid  of  sodium  alcobolate  in  an  0.22  molar 
alcoholic  solution,  I’acetylcyclohepuoe-l'^arbezylic  ester  was  fonned  in  a  yield  of  about  33^  of  the  theore- 
ticaL  During  the  process  of  the  reaction  it  was  sub  jected  to  alcoholysis  to  a  considerable  degree  and  was 
converted  into  the  ethyl  ester  of  cyclohepianecarboxylic  acid. 

LITERATURE  CITED 

[1]  V.  P.  Golroov,  J.  Gen.  Chem.,  22.  809  (1952)* 

P]  V.  P.  Colmov,  J.  Gol  Chem..  22.  1944  (1952).** 

PI  W.  Dieckmann.  Ber..  33.  2670  (1900). 

£4]  L.  J.  Goldworthy.  L  Chem.  Soc..  337.  (1934). 

[5]  Haworth.  Perkin.  J.  Chem.  Soc..  65.  599  (1894). 

Received  }uly  29.  1952 


*  See  Consultants  Bureau  Translation,  p.  871. 

••  See  Consultants  Bureau  Ttaiulst ion.  p.  1993. 


INVESTIGATIOK  OF  THE  PROCESS  OF  ISOMERIZATION  AND  DIMERIZATION 
OF  DIMETHTLVINYLCARBINOL  in  relation  to  the  pH  OF  THE  REAGENT 

n.  ACTION  CF  A  SATURATED  SOLUTION  OF  CUPROUS  CHLORIDE 
IN  HYDROCHLORIC  ACID  ON  DIMETHYLYINYLCARBINOL 

A.  I.  LebedevA  and  L  F.  Almashi 

Froro  jrevlousljr  published  communications  it  is  known  [1.2,3]  that  sulfuric  acid  causes  dehydration, 
allylic  leanangement,  arid  condensatioa  of  dimediylvinylcarbinol.  as  a  result  of  which  are  formed  isoprene, 
primary  alcohol,  linalool,  geranlol,  and  ter  pin  hydrate.  In  the  previous  communication, 

A.L  Lebedeva  and  m  Shchukcvskaya  [4]  reported  the  start  of  an  investigation  of  the  various  transformations  of  dl- 
methyhinylcarbiool  in  relation  to  the  pH  of  die  acting  reagent.  In  the  present  investigation,  it  was  decided  to 
continue  this  investigation  at  higher  hydrogen  ion  concentrations  and  to  study  the  action  of  a  saturated  solution 
of  cuprous  chloride  in  hydrochloric  acid  of  various  concentrations:  1  N.  5  N,  and  10  N  on  dimethylvinyl- 
carbinoL  It  was  fcimd  that  under  the  conditions  investigated,  the  removal  of  water  occurs  not  only  from  one 
molecule  of  the  alcohol  with  the  formation  cf  isoprene,  but  also  fron  two  molecules  leading  to  formation  of  ether* 
of  dimethylvinylcarbinol  and  y.y-diroeihylallyllc  alcohol,  isomeric  witii  it,  y.y-dimethylallylic  eth« 
of  2methyF0'butene-4-ol  (I)  and  y.y-dlroethylallylic  ether  of  2-raethyl-3-butene-2-ol  (II). 

On  the  basis  of  the  experiments  conducted,  it  cannot  be  stated  with  complete  certainty  that  the  forma¬ 
tion  of  the  ethers  occurs  by  means  of  a  chloride  stage  with  the  subseqixent  cleavage  of  HCl  from  a  molecule  of 
the  chloride  and  the  alcohol,  but  a  possibility  for  this  occurrence  exists,  h  is  Known  from  LN.  Nazarov  and 
L  N.  Azerhaeva's  [5]  investigation  that  the  replacement  of  a  hydroxyl  by  a  chlorine  occurs  very  readily  even 
at  0*.  by  the  action  of  gaseous  hydrogen  chloride  cn  dimethylvinylcarbinol  resulting  in  a  mixture  of  i^imary  and 
tertiary  chl(»ides. 

The  reaction  forming  the  unsaturated  ethers  from  dimethylvinylcarbinol  can  be  represented  schematic¬ 
ally  in  the  following  manner: 

(CI^C(OH)-CH=Cl% - -  (CH^  =  CH-CH^ 


T  T  t 

H,C=CH-  C(CH,),0C1V^H— qCH,),  (CH,)^--CH-Cl%OCI%  -CH=C(CH,), 

(II)  « 

From  the  resultt  obtained  (Table  1).  it  can  be  seen  that  decreasing  the  pH  of  the  sohitlon  of  cuprous 
chloride  leads  to  the  increase  in  the  yield  of  the  primary-primary  ether,  and  conversely,  the  yield  of  the  primary- 
tertiary  ether  is  increased  with  the  increase  in  pH.  These  findings  coitespoid  to  the  results  of  LN.Nazarov  and 
co-worken  [6]  on  the  obtaining  of  methyl  ethers  from  dimethylvinylcarbinol.  it  was  shown  that  the  ratio  of  the 
isomeric  ediers  depends  on  the  ccncenuation  of  sulfuric  acid. 

A  complex  mixture  was  obuined  as  a  result  of  a  several-day  action  of  the  above  solution  of  cuprous 
chloride  in  hydrochloric  acid  on  dimethylvinylcarbinol.  from  several  individual  compounds  (1-6)  were  isolated 
upon  many  redistill  at  loiu  through  a  column,  having  the  following  boiling  points:  1)  34*36*.  2)  9^-98*.  ^  49*  (10  .Tim), 
4)  40*  (3  mm).  5)  55*  (3  mm)  (Table  1).  The  higher  boiling  fraction  has  not  been  investigated  further  as  yet. 
Compound  1  corresponds  to  isopcene  according  toits  constants.  2.  starting  dimethylvinylcarbinol,  ^  primary 
7.7-dtmetbylallylIc  alcohoL 
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The  siructurc  of  compound  4  with  b.p.  40*  (3  nuc)  wm  determined  by  ozonolysis.  study  cf  R»m«i  spectra,  and 
catalytic  hydiogenaticm  ir  the  pieseoce  of  platinum. 

The  investigation  of  the  ozonolysis  products  did  not  give  any  definite  rcsultt  even  if  u  Is  atturoed  diat 
the  ozonolysis  occurs  according  to  die  scheme  given  by  Ya.  M.  Slobodin  p]  for  substances  having  an  allylic 
group  in  their  coropositioit  for  this  reason  a  Raman  spectnim  was  uken  for  die  subsunce.  A  photograph  of 
the  Raman  spectrum  Is  given  in  the  Figure.  (See  Plate,  page  lllQ. 


It  is  known  (8.  91  that  the  frequency  1675  cm"*  is  characterisUc  for  secondary-tertiary  double  bonds, 
frequency  1640  cm“*fat  primary-secotxiary  double  bonds,  and  1413  cm"*  for  an  end  methylene  group. 


The  catalytic  hydrogenation  of  compound  4  in  the  presence  of  platinum  black  at  room  tempeiature  and  atiiiosr 
pberic  pressure  was  of  great  interest  Under  these  conditions,  the  cleavage  of  this  compound  with  hydrogen 
occuned  with  the  formation  of  isopentane,  araylen?  hydrate,  and  primary  isoamyl  alcohol.  3  molecules  of 
hydrogen  were  consumed  for  each  molecule  of  the  oznpound  consumed  even  though  It  only  had  2  double  bonds 
(which  was  determined  by  the  bromine  mimbex). 

It  was  found  that  after  the  addition  of  one  molecule  of  hydrogen,  the  bromine  numbei  decreases  (which 
is  apparent  from  the  number  of  milliliters  of  biomide'bromate  consumed  for  the  tiaation).  and  a  hydroxyl 
appears. 

The  hydrogenation  under  the  given  condtions  does  not  occur  slectively;  simultaneously  with  the  addition 
of  hydrogen  at  the  double  bond,  a  cleavage  of  tbe  ether  bond  occurs  with  the  formation  of  compounds  contain* 

Ing  a  hydroxyl  (Table  2). 

Tbe  absence  of  a  positive  reaction  for  a  hydroxyl  and  carbonyl  group,  with  the  presence  of  one  atom  of 
oxygen  in  the  molecule,  the  investigation  of  the  Ramxn  spectrum,  and  the  rerolts  of  the  catalytic  hydtogenation 
meant  diat  compound  4  must  have  been  the  y.y-dimethyiallyUc  ettxof  2-fnethyi*3-butene-2-ol  (IQ. 

The  cleavage  of  the  ether  bond  under  such  mild  conditions  is  only  reported  in  one  paper  [lOX  In 
which  the  authors  were  able  to  cleave  an  ether  bond  with  phenyl  radicals  during  hydrogenation  over  platinum 
oxide  in  glacial  acetic  acid. 

Compound  5  had  a  very  slurp  odor, which  caused  a  headache.  The  analyses  showed  that  tire  compound 
had  a  general  formula  CuHxjO.  The  hydroxyl  determiiutlon  according  to  Terentyev-Shcheibakova,  gave  nega¬ 
tive  results.  The  substance  was  hydrogenated  catalytically  in  the  presence  of  platinum  black  In  absolute  ether. 

More  than  three  molecules  of  hydrogen  were  abso<’bed  per  molecule  of  the  compound.  A  mixture  was  obtained 
as  a  result  of  the  hydrogenation  from  which  the  following  ocmpouuds  were  Isolated  and  characterized:  isopentane, 
primary  isoamyl  alcohol,  and  diisoamyl  ether. 

On  the  basis  of  all  the  given  determinations,  it  could  be  considered  that  compound  5  was  jr.y-dlmethylallyl 
2-methjd-2-butene->4-yl  ether. 

Therefore,  unsaiurated  ethers  were  obuined  from  dimetfiylvinylcarbinol  and  It  was  shown  that  the  «her 
bond  in  the  compouivls  of  the  above  structuie  was  readily  cleaved  with  hydrogen  In  tbe  presence  of  jdatlnam 
black  at  atmospheric  pressure  and  room  temperature. 

EXPERIMENTAL 

Technical  diraethylvinykarbinol.b.p,  96-97*  containing  about  85^  of  the  pure  substance  was  used  for 
all  e.’:..crin!enis.  The  percent  content  of  (Lunethylvinylcarbinol  wsa  determined  by  catalytic  hydtogenation  in  the 
presence  of  platinum  black  and  brominatlon  with  an  aqueous  solution  of  bromide-bromate.  The  total  concen¬ 
tration  of  hydrochloric  acid  vtas  the  «roe  for  each  experiment,  only  the  concentration  of  the  solution  was 
varied.  The  solution  of  h^rfrochloric  acid  used  for  the  experiment  was  Mturated  with  cuprous  chloride  by  prolonged 
shaking.  The  pH  of  tbe  solution  was  determined  prior  to  and  after  saturation  wltii  glass  electrodes.  The  experiments 
were  conducted  in  a  thrre-necked  flask  equipped  with  a  stirrer,  dropping  funnel,  and  a  long  reflux  condenser.  The 
solution  of  cuprous  chloride  in  hydrochloric  acid  was  added  slowly  with  stirring  to  the  dimethylvinylcaibinol  in  the 
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flask.  50  g  of  dimcthylvinylcarbiaol  were  used  for  every  experimcnL  The  mixture  was  stirred  efficiently 
for  60  hours  at  room  temperature.  3  hours  at  30^0*.  and  3  hours  at  70-80*.  The  upper  and  lower  layers  were 
then  separated,  the  upper  layer  was  washed  with  aqueous  sodium  carbonate  mlution,  and  dried  wifli  fused 
potassium  carbonate.  After  drying,  the  upper  Uyer  was  separated  into  several  fracUmis  by  simple  distillation 
w'bich  were  then  each  subjected  to  fractional  disiillation  on  a  column  fitted  with  a  complete  condensation  head. 
The  lovfer  layer  was  extracted  with  ether  for  48  hours  in  a  percolator.  Only  a  small  amount  of  dimethyl  vinyl* 
carbinol  was  isolated  from  the  lower  layer  after  the  temoval  of  the  ether;  it  did  not  contain  any  other  products. 
The  results  of  the  experiments  conducted  arc  given  In  Table  1. 


TABLE  1 


Exp. 

No. 

AmLof 
saturated 
cuprous  1 
chloride 
in  hydro- 
chlorie 
acid  used 
for  the 
reaction 

_ 

Concen* 

tratioa 

hydro¬ 

chloric 

acid 

used 
for  the 

reaction 

1  -  - 

pH  of  the  I 
hydro¬ 
chloric  j 
acid  1 

1 

IpH  of  the 

'saturated 
j  cuprous 
chloride 

solution 
in  hydro* 

1  chloric 
acid 

iyield  of 

I  subsunce 
with  b.p. 
34-36* 
(mg) 

Yield  of 
subsunce 
with  b.u 
97*98* 
(ing) 

1 

Yield  of  j 
subsunce  j 
with  b.p. 
40^0 
[  mm) 

(in  g) 

iYield  of  j 
1  substance! 
with  b.p. 
40* 

(3mm) 

(ing) 

Yield  of  I 
'substance 
wldi  b.p. 
55* 

(3mm) 

(Ing) 

Yield  of 
subsunce 
with  b.p. 
74*76* 

(10  mn^ 
(ing) 

Residue 
in  distil¬ 
lation 
flask 
(ing) 

1 

50 

1  N 

-0.05 

-0.15 

2.0 

10.2 

4.0 

9.0 

1.5 

1.0 

2.5  . 

2 

10 

5  N 

-0.43 

-0.55 

4.0 

10.0 

6.5 

5.0 

l.S 

- 

* 

o 

oc 

3 

5 

10  N 

-0.73 

“LI 

2.0 

15.0 

2.0 

7.5 

3.1 

5.5 

12.0 

*  In  this  experiment,  the  fraction  with  b.p.  74*76*  (3  mm)  was  not  isolated. 


Arulysis  of  Fracn.  -■ with  b.p.  34*36* 

1.4150;  df  0.6805;  MRp  25.05.  C,H,F,.  Calculated  24.36. 

Analysis  of  Fraction  2  with  b.p.  97-98* 
ii“  1.4110;  dj*  0.8097:  MRp  26.42.  .  Calculated  26.35. 

Analysis  of  Fraction  3  with  b.p. 40  *  (10  mm) 

n“  1.4410;  dj*  0.8680:  MRp  26.21.  CsH,OT.  Calculated  26.35. 

0.2107  g  subsunce:  16.4  g  benzene  At  0.80*.  0.1050  g  substance:  28.5  ml  CH<  (20*.  761.2  mm). 

Found:  M  81.91;  number  of  active  H  0.95.  CjH^.  Calculated;  M  86.16;  number  of  active  H  1.00. 

Analysis  of  Fraction  4  with  b.p.  40*  (3mm) 

The  compound  had  a  pleasant  odor,  its  optimum  yield  was  about  30  %  based  on  the  dlrocdiylvinyl- 
carblnol  reacted. 

n^  1.4423;  n“  1.4399;  1.4503;  d^*  0.8332:  MRp  48.92,  XIR^  48.74;  MR^  49.69. 

CliHuOrt.  Calculated:  MRp  49.26;  MR^  48.80;  MRg  49.75. 

0.1028  g  subsunce:  0.2923  g  CO^;  0.1067  g  i^O.  0.1270  g  substance:  0.3613  g  CC^  0.1308  g  H|0. 
0.2281  g  substance:  15.3  g  benzene:  At  0.50*.  0.2100  g  subsunce:  24.5  ml  bromlde-bromate  (T  0.01732 g/ ml). 
Found  C  77.61.  77.64;  H  11.61,  11.52:  M  151.6.  Bromine  number  312.  CuH^O.  Calculated;  C  77.87. 

H  11.76;  M  154.22.  Bromine  number  319.66. 


2  g  of  the  siibrunce  wax  ozonized  in  chloroform  solution  (30  ml)  at  -'lO*.  1.5  g  of  ozone  added:  2.7  g  of 
the  ozonidc  remained  afte.  the  filtration  of  the  chloroform.  The  ozonide  wax  decomposed  wlft  water,  and  the 
solution  obtained  wax  dilnted  to  500  ml  with  %ratet. 

Formic  acid  wax  determined  in  tO  ml  of  the  solution  by  Finke's  [11]  method.  1.2790  g  of  KgsClj  was  obtain¬ 
ed.  Fotmildeiyde  was  determined  in  another  50  ml  srtth  dimedon.  The  weight  of  Ae  dlraedon  derlvatlTC 
obuined  srax  C.C56.8  g.  m.p.  188-189*.  The  total  amount- was  1.4  g  based  on  the  formic  acid.  About  three 
molecules  of  socmlc  acid  were  formed  for  a  molecule  of  the  compound.  Fotaxsium  carbonate  wax  added  to  a 
•  dixti’^tly  reaction  to  the  solution  remaining  after  the  removal  of  the  formaldehyde  with  dimedon 

ji  the  neutral  frodua  then  xteam  distUied  into  a  sulfuric  acid  solution  of  2,4-dinitropbcnylhydrazine.  The 
melting  point  cf  2,4-dittltrophenylhydrazons  obtained  was  125*126* .  A  mixed  melting  point  with  authentic 
acetone  2.4-dinircphenyThydrazone  g*ve  no  depression.  Other  neutral  producu  were  not  detected.  The  rest 
of  the  solution  wax  then  wrked  up  in  the  usual  manner  to  isolate,  first,  die  volatile  acids,  and  then  the  non¬ 
volatile  acids.  Ssae  of  these  was  found  in  me  ozor  olysis  products. 

The  Pr*-r-»-B  speevuw  of  the  compound  was  taken  at  an  exposure  of  1  5  hours  and  slit  of  0.1  ram.  A 
blue  (  X  =22935  ctr“*)  line  was  used  as  theexcuatjonlinc.  The  following  frequencies  (cm“*  were  obtained:  (the 
intensities  were  e-.aiuated  visually  and  their  teUuve  values  axe  given  in  the  parentheses):  300  (2):  454  (1): 

437  (5):  822  (2);  883  (3).  926  (4);  1044  (2);  1116  (0.5);  1154  (0.5);  1239  (1).  1247  (0.25);  1294  (3);  1326  (2); 

1379  (6).  1413  a  1446  (6).  1640  (4);  1675  (Q;  2793  (7);  2866  (1);  2923  (4);  2993  (1);  3046  (0.5);  3138  (0.25). 

Catalytic  t:vd.t>gcnatloc  of  compound  4.  7.57  g  of  the  substance:  0.8  g  of  Pt.  39  ml  of  absolute  ether 
3526  ml  of  (IS*.  7C3  mm)  was  absorbed.  100.8  ^  of  tb:  theoretical  (if  3  molecules  of  hydrogen  are  assumed). 

The  sol xhc::. after  the  filtration  of  the  platinum,  was  distilled.  The  fraction  boiling  within  the  limits 
30-36*  was  shakes  widi  concencated  hydrochloric  acid  in  a  separatory  funnel;  the  upper  layer  was  separated 
from  the  bydtoclilscic  acid  ether  solution,  washed  with  sodium  carbonate  solution,  dried  with  CaCl|.  and  was 
distilled:  a  fractacs  boiling  at  31*32*  (1.0  g)  was  collected 

1.3540;  di’  0.6193,  25.31.  Calculated  25.29. 

# 

0.257C  g  sshsrance:  16.8  g  benzene:  At  1.65*.  Found:  M  67.23.  C^Hq.  Calculated:  M  72.1. 

The  data  obtained  coiresponded  to  isopentane. 

Two  indind^l  compounds  were  isolated  from  the  substance  remaining  after  the  distillation  of  die  ether, 
by  distillinc  it  Creegh  a  column  with  a  complete  condensation  head;  the  first  with  b.p.  101-1 02*  (1.6  g) 

z**  1  4055;  djf  0  8062:  MRjj  26.81;  Calculated  26.82. 


0.0917  g  substance:  24.8  ml  CH4  (20*.  759  ram).  Found;  number  of  acUve  H  0.97.  C^^OH.  Calcu¬ 
lated:  number  of  active  H  1.00. 

The  qualitative  Denige  reaction  (fnmatlon  of  a  yellow  precipitate)  characteristic  for  tertiary  alcohols 
was  positive. 

The  dau  oca.med  conesponded  to  tertiary  amyl  alcohol,  amylene  hydrate. 

The  secesd  compound  boiled  at  131-132*  (0.5  g). 

eJ  1.4080;  df  0.8132;  MRjj  26.75;  Calculated  26.82. 

0.0901  g  aabstaace:  25.0  ml  CH*  (17*.  761  mm).  Found:  number  of  active  H  1.00.  C^HuOH.  Calcu¬ 
lated:  number  of  acme  H  1.00. 


The  theoretical  amount  of  an  a-naphthylurethane  with  m.p.  67-68*  was  obuined  from  0.3  g  of  the  com¬ 
pound.  which  corresponded  to  the  melting  point  of  primary  isoamyl  alcohol  a  .naphthylnrethaae. 

3  g  of  compound  4  was  dissolved  In  60  ml  of  absolute  ether  and  hydrogenated  caulytically  in  the  presence 
of  0.3  g  of  ?i  black-  2  ml  umplcs  were  removed  from  the  solution  and  the  amoum  of  bromlde-bromate  nece«axy 
to  Urratc  It  and  zmount  of  methane  spea rated  during  the  determination  of  the  hydroxyl  measured.  17* 
analysis  was  coad-rted  with  the  starting  subsur^ce  after  the  addition  of  one  molecule  of  hydrogen,  after  the  addi¬ 
tion  ot  two  moleczZc^  and  finally,  after  the  add;ticr.  of  three  molecules. 
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The  results  of  the  analyses  are  given  in  Table  2. 


Analysis  of  Fraction  5  srith  b.p.  55*  (3  mm) 

The  compound  had  a  very  sharp  odor,  its 
opomum  yield  was  about  based  on  the 
amount  of  dimethylvinylcablnol  reacted. 

n“  1.4600;  n‘*.  1.4437;  di*  0.8380;  MRjj  49.45 

MRfl  48.85.  Ci^H^or,.  CalcuUted  MRjj  49.26: 

MRfl  48.80. 

0  1220  g  substar^ce:  0.3474  g  CO^.  0.1263  g 
H|0.  0.1230  g  subsunce:  0.3501  g  CO^; 

0.127x  g  H|0.  0.2611  g  substance:  14.17  g 
benzene:  At  0.630*.  Found'S):  C  77.70,  77.68; 

H  11.59,  11.57,  M  151.5.  CuHi,0.  Calculated: 

C  77.87;  H  11.76;  M  154.2 

A  negative  reaction  was  obuined  upon  the  determination  of  the  hydroxyl  according  to  Tereatyev-Shcherbakova. 

Catalytic  hydrocenation  cf  compound  5.  3.35  g  of  the  subsunce.0.3  g  Pi.  30  ml  of  absolute  ether.  1900  ml 
of  H|  was  consumed  (18*,  759  mm),  122^  of  the  theoretical  (based  upon  3  molecules  of  hydrogen). 

The  solution  was  processed  in  the  same  manner  as  for  the  hydrogenation  of  compound  4.  The  first  fraction 
boiling  at  31-32*  corresponded  to  isopentane.  The  second  boiling  at  131-132*  (0.5  g)  gave  an  a -naphthyl urethane 
with  m  p.  67-68*  corresponding  to  primary  isoamyl  alcohol  The  third  fraction  (0.4  g)  boiled  at  173-175*,  n^  1.4100. 

0.2000  g  subsunce:  15.2  g  benzene:  At  0.43*.  Found:  M  156.3.  Cul^O.  Calculated  158.3. 

The  dau  corresponded  to  diisoamyl  ether. 

SUMMARY 

1.  A  saturated  solution  of  cuprous  chloride  in  hydrochloric  acid  (having  a  pH  of  0.15  to  1.1)  acts  under 
determined  conditions  upon  dimethylvinylcarblnol  in  such  a  manner  than  an  allylic  reanangement  and  the  dehydra¬ 
tion  of  dimethylvinylcarbinol  occun  with  the  formation  of  ,  in  addition  to  isoprene  and  y.y-dimethylallylicalcohol 
two  unsaturated  ethers,  y,)'-aimethylallylicetherof2-raethyl-3-butene-2-ol  (IQ  and  y,y-dimcthylallyl  ether  of 
2-roeihyl-2^utene-4-ol  (Q. 

2.  A  cleavage  of  the  ether  linkage  occurred  upon  the  catalytic  hydrogenation  of  y.y-dlmethylallyliceiherof 
2-methyl -3-butene-2 -cl  and  y,y-dimcthylallylicether<f2-roethyl-2-buiene-4-ol  at  normal  pressure  and  room  tempera¬ 
ture  in  the  presence  of  platinum  black  with  the  formation  of  the  corresponding  amyl  alcohols  and  the  unsaturated 
hydrocarbon,  isopenune. 

3.  The  hydrogenation  does  not  occur  selectively  under  the  given  conditions.  Simultaneously  with  the 
addition  of  the  hydrogen  to  the  double  bond,  occurs  the  cleavage  of  the  ether  linkage,  and  the  formation  of  com¬ 
pounds  containing  a  hydroxyl. 
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TABLE  2 


Name  of  Sample 

■  Amount  of 

Amount  of 

bromide- 
,  bromate 

CH4  (in  ml) 

;  (In  ml) 

Starting  subsunce 

After  addition  of  one 

12.5 

0 

molecule  of  hydrogen  . 
After  addition  of  two 

9.1 

6.9 

molecules  of  hydrogen . 
After  addition  of  three 

.  .  2.9 

1 

13.5 

molecules  of  hydrogen  . 

.  .  .<  0 
t 

15.5 
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INVESTIGATION  OF  COMPOUNDS  CONTAINING  A  THREE  MEMBERED  OXIDE  RING 


V.  REACTION  OF  ETHYL  fi.S'-DiMETHYLGLYCIDATE  WITH  o-  AND  p-  TOtUIDINE 


V.  F.  Martynov 

In  the  previous  comrounication  it  was  shewn  that  the  addition  of  aniline  to  ethyl  3.S**<liirethy^Iycidate 
occurs  with  the  formation  of  ethyl  n^hydroxy-S-anilinoisovalerate.  This  means  that  the  opening  of  tiie  oxide 
ring  of  glycidic  acid  by  the  action  of  an  aromatic  amine  occurs  at  the  sule  of  the  S'carbon  atom. 

In  view  of  the  fact  that  these  results  were  found  to  be  in  opposition  to  those  of  other  aiahors 
it  was  decided  to  prove  the  correctness  of  these  conclusions  upon  other  examples.  For  this  purpose,  the 
structuies  of  tlie  products  of  the  reaction  of  0“  and  p~toluidine  with  ethyl  B>d''siimethylglycidate  were 
investigated.  The  above  products  were  obtained  by  the  heating  of  ethyl  B,3'*dimethylglycldate  with  the 
conesponding  amine  In  sealed  ti'bes  at  150-180*.  It  was  shown  experLmentally  that  the  addition  of  jxoluidine 
to  the  oxide  ting  occurs  comparatively  easily;  a  6  hour  heating  at  the  above  temperatures  led  to  a  60*Jbyield  of 
ethyl  bydroxy-p-toluidine^sovaletate.  o-Toluidine  added  with  much  greater  difficulty.  Upon  heating  tbc 
reaction  mixture  for  the  same  6  hours,  the  reaction  ptoduct  was  obtained  only  in  a  26^  yield.  Apparently,  such 
a  low  yield  can  be  explained  by  steric  hindrances  caused  by  the  methyl  group  of  o-toluidine.  The  reaction 
time  was  increased  to  30  hours  and  as  a  result,  a  50^^  yield  of  ethyl  hydroxy^o-toluidineisovalerate  was  obuined. 

The  position  of  the  cleavage  of  the  oxide  ring  in  the  glycidic  acid  chosen,  as  in  the  previous  cases,  was 
determined  by  location  of  the  hydroxyl  group  in  the  molecule.  It  could  be  readily  expected  that  both  the 
isomeric  toluidines  in  this  case  should  behave  similarly  to  aniline,  i  e..  would  form  the  amino  derivatives  of 
c-hydroxyisovaleric  acid. 


/:  -CH  -COOCjH,  ♦  H,NC,H4CH,(p-;  0-) 

o 


x:  -ChOH  -COOCjK, 
/  ] 

NHC,H4CH,(o-;  p-). 


Actually,  both  of  the  addition  products  obtained  decarboxylateu  with  the  evolution  of  carbon  dioxide 
by  the  action  of  concentrated  .sulfuric  acid  at  110-140*.  This  undoubtedly  indicated  diat  ammo  derivatives  of 
A’hydroxyacids  were  being  dealt  with.  For  final  solution  of  this  problem,  only  the  isolation  of  the  decarboxy¬ 
lation  products  remained,  which  should  be  tiimethyl  indoles.  This  conclusion  was  possible  on  the  basis  of  the 
investigated  case  of  the  decarboxylation  of  ethyl  c -hydroxy-3 “anilinoisovalerate  where  the  product  of  the 
decarboxylation  was  2,3-dimethylindole.  Sirx:e  in  the  given  case  toluidin^not  aniline,  was  the  starting  material, 
the  following  must  have  been  obtained:  2.3.5-trimeLhylindole  from  ethyl  o-hydroxy-B“(pdoluidlno)isovalerate. 
and  2,3.7-trimethyllndole  fro  -  ethyl  a -hydroxy-3 •<o-toluidino)isovalerate.  Tlie  reaction  of  their  formation 
can  be  described  in  the  following  manner  on  the  example  of  2,3,5-trimcthylindole: 


C -CHOH -COOCjH, 


CH,  ' 


NHCjHiCHjtt) ) 


CH,  CH, 

r  ^ 

HN  /  \ 

I. 


CH,  , 

'/C— C  O 

CH,'  ’ 

HN  X"' 


'  i 

'X  CH, 


C— CHOH 


y  CH, 


Indeed,  upon  making  tte  acidic  solution  alkaline  after  the  decarboxylation.  Ac  expected  itiroetbyl- 
indoles  were  obtained  which  corresponded  in  analysis  and  melting  point  (individually  and  as  the  picutes) 
to  die  literature  data  2.3.5-TriroeAylindole  was  isolated  from  die  alkaline  solution  by  steam  distilUtlon 
and  was  obtained  in  an  ST'J.j'ield.  2.3.7-TWmethylindole  was  only  distillable  in  small  amounts  with  steam, 
and  for  dm  reason,  it  was  extracted  with  ether  from  the  alkaline  solution;  its  yield  was  only  the  thwe- 
ticaL 


Such  a  great  difference  in  the  yields  of  the  Isomcrk  trfrnethyllndoles.  evidently,  is  explained  by 
their  different  chemical  stability.  This  difference,  by  the  way.  was  apparent  even  during  their  storage. 
2.3.5-Trimethylindole  was  stable,  u  only  yellowed  slightly  upon  2-3  months  standing  in  the  air;  2.3.7-tri- 
methylindole.  on  the  otlier  hand,  darkened  after  a  few  days.  Evidently,  2,3.7-C’imethylindolc  is  subjected 
mere  readily  to  the  disruptive  action  of  sulfuriL  acid  than  2,3,o~QimeThyliiKlole;  for  this  reason  «ts  yield 
was  considerably  smaller. 

EXPERIMENTAL 

Preparation  cf  ethyl  a-liydroxvfeKn-<ol»»idtno)lsovalefaie.  13  g  of  p-toluidine  and  20  g  of  ethyl 
fl.B’-dimethylglycidate  (the  glycidic  e$tc»^  was  raed  in  excess  in  order  to  more  completely  use  the  p-toluidine) 
were  sealed  Into  a  glass  ampoule  which  was  heated  lor  6  hours  at  150-170*.  /he  contents  of  the  tube  darkened 
slightly;  there  was  no  nessute  when  the  tube  was  opened.  The  reaction  mixture  was  vacuum  distilled.  The 
expected  product  distilled  at  156-188*  at  15  mm.  It  was  a  viscous  straw-yellow  liquid.  Weight  17.8  g.  which 
was  60^  of  the  theoretical  based  on  the  p-toluidine.  After  one  day,  the  subsunce  ctysullized;  after  reciy* 
stallizauon  from  aqueous  alcohol,  it  melted  at  54-65*. 

0.0229  g  substa.nce:  1.12  ml  Kg  (17*.  755  roro).  0.02105  g  subsunce:  1.08  ml  (18*.  755  mm). 

Found'S*:  N  5.3.  5.6;  CmH^iO^N.  Calculated  N  6.57. 

The  conversion  of  ethyl  a  -hydroxy  6  <p-toluidino)isovaletate  into  2.3.5’trintethylindole  by  the  action 
of  concentrated  sulfuric  acid.  2  g  of  ethyl  «  -hydroxy  B  -(p-toIuidinc»)i$ovalerate  was  added  to  10  ml  strong 
sulfuric  acid  Upon  beating  the  mLxtuxe  on  an  open  eiectiic  hot  plate,  the  substance  dissolved,  and  the 
evolution  of  carbon  dioxide  staned  at  110*  (thermometer  in  the  mixture). 

The  beating  was  continued  to  140*  until  complete  cessation  of  the  formation  of  gas  bubbles.  The  mix¬ 
ture  assumed  a  dark  red  color.  Then,  without  any  initial  coolir^,  the  mixture  was  poured  into  cold  water  with 
ice.  The  acid  was  neutralized  with  sodium  carbonate  with  the  addition  of  some  NaOH  solurion  at  the  end 
to  a  clearly  alkaline  reaction  A  white  crystalline  piecipitate  of  2.3,S-{iimerhylindole  separated  during  the 
neutralization  of  the  solution,  which  was  steam  distilled.  1.1  g  of  a  colorless  crys'alline  product  with  an 
unpleasant  fecal  odor  was  obuined.  After  recrysta  11  izatlon  from  dilute  ethyl  alcohol,  the  m.p.  was  118-119*. 
The  plcrate,  red-browe  needles,  m.p.  177-180*. 


Found  N  9.05.  CyH^jN.  Calculated  5»:  N  8  8.  Literature  data:  melting'  point  of  2,3.5-trimeth^- 
indole.  121  5*.  Plcrate.  ted  blown  needles,  m.p.  177-180*  C2), 

Preparation  of  ethyl  c-hydroxy-6-(o-tDluidiao)tsovalerate.  15  g  of  ethyl  e.B*-dlmcthylglycidate  and 
55  g  of  o-iolukiine  were  sealed  into  a  thick- walled  tube  and  were  heated  for  30  hours  at  170-180*.  A  slight 
pressure  was  jxeseni  upon  opening  the  tube  15  g  of  a  viscous  straw-yellow  liquid  was  isolated  upon  vacuum 
distlUafroa.  B.p.  134-135*  at  2  ram.  Yield  50  V 

•  di*  1.0868:  1.529.  MRp  71.23.  Calculated  71.29. 

0.2046  a  substance:  12  ml  N,(23*.  764  mm).  0.1805  g  substance:  9.2  ml  N,(23*  764  mm). 

Found  N  5.62.  5.74.  C;4H2P,N.  Calculated  N  5.57. 

_Conversion  of  ethyl-q-hydroxY-6-(o-toluidinoWsovalerate  into  2.3.7-<rtmethvhf>dni«.  bv  the  action  nf 
concenttated  sulfuric  acid  5  g  of  ethyl  fl4>ydroxy-e-<o-ioluidirK))-i$ovalciate  was  added  to  15  ml  of  coocen- 
trated  sulfuric  acid  in  a  small  rc_nd-bottom  flask.  The  mixture  was  heated  in  the  same  manna  as  in  the 
prcvmus  ex^rimcni  The  evolution  of  bubbles  of  carbon  dioxide  stalled  at  110*.  The  heatirg  was  continued 
to  140  until  tb^essation  of  the  evolution  of  carbon  dioxide.  The  reaction  mixture  darkened  strongly  The 
stisequen:  ««  «  in  the  previous  case.  The  emulsion  which  sepaiated  in  ihe  alkaline  solution  was 

t  I'Z  removed,  and  the  residue  was  vacuum  distilled.  B.p.  105- 

nm.  The  substance  crystaUized  in  the  exit  tube.  1  3  g  was  obtained,  which  was  411lof  the  original 
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yield.  M.p.  86-87*.  The  plciate.  red-hrown  crystals  with  m-p.  143-160*. 

Found  N  8.9.  CuHaN.  Calculated  %  N  8.8. 

LUeianre  dau;  melting  point  of  2.3.7-triincthylindolc.  73*.  ricr^ic.  r.p.  15i" 

SUMMARY 

1.  The  reaction  betwcen.ethyl  6,fl**diracthylglycliate  ard  o-and  p-toluidinc  was  Investigated.  It 
was  shown  that  the  rupture  of  ring  of  the  glycidic  acid  occurred  at  the  site  of  the  5'carboa  atona  by  the  ’ 
action  of  both  aromatic  amines  widi  the  formation  of  nitrogen*<ubsti!uted  n^syioxylsovaleric  acids. 

2.  The  conversion  of  ethyl  fi-hydroxy-fl-UKoluidiBO)iso valerate  into  2,3.&-trimethylindole  was 
accomjdLshed;  while  2,3.7-tiirorthylu)dole  was  obtained  fre  ethyl  a-hydroxy-^-<o-toluidino)isovaleiate. 
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NEW  TYPES  OF  TERPENE  TRANSFORMATIONS 
XIV.  REACTION  OF  CHLORINE  WITH  CAMPHENE 


D.  Tishchecko 


In  communication  I[i]  general  ideas  were  stated  on  ±e  passible  rules  of  the  reaction  of  chlorine  %dth 
terpenes.  and  predictions  were  given  relative  to  the  mahi  direcaon  of  the  reaction  in  each  separate  case  and  to  the 
structure  of  the  monochloroterpenes.  For  all  cases  studied  up  to  now.  without  exerpaon,  these  peedictioas  were  con¬ 
firmed.  Ttey  were  also  confirn>ed  for  the  case  of  the  reaction  of  chlotine  with  campbene.  The  sparse  literature  on 
the  action  of  chloiiise  on  camphene,  reported  in  the  same  communication.  gave  no  acciirate  description  of 

the  primary  products  of  this  reaction.  For  this  reason,  the  prediction  could  only  be  proved  experimentally.  It  was 
suggested  that  the  *hnoinalous  ”  reaction  of  M.  D.  Lvov  must,  for  the  case  of  campbene.  be  of  less  importance  than 
for  other  terpenes,  that  camphene  trust  be  a  "prohibited.*  system  (Bredt's  Rale),  and  eiat  Ais  reaction  may  proceed 
in  three  different  directions. 


The  degree  of  the  *  anomalous  reaction  for  camphen*  was  found  to  he  equal  to  S3-56  ^  which  is  consider¬ 
ably  lower  than  die  cooesponding  value  for  other  leipeoes.  camphene  monochlotidc  is  a  irixture  of  die  above  three 
chlorides  (0.  and  (III).  It  is  possible  that  chlorideflV)  was  present  in  sirall  airounti  ic  this  mixture,  but  its 
presence  was  not  proved  beyond  any  doubt,  ihe  saturated  camphene  dichloride  (product  of  the  "clarical  reaction") 
was  found  to  be  a  solil  Its  structure  did  not  follow  the  "rule  of  the  smallest  change  ii.  stiuctare".  which  will  be  re¬ 
ported  upon. 


The  mixture  of  monochlorides  boiled  within  one  degree.  This  fact  alone  indicated  that  the  chlorine  aiorr 
was  structurally  equivalent  in  all  of  these,  and  as  it  will  be  shown  below,  ptlmary.  As  i»  krovre,  secondary  chlo»- 
tepenes  boil  10-12*  lower  than  the  corresponding  priirary  chloridcspl  The  Ir.ves’.^^tiori  of  thti  mixture  posed  very 
great  difficulties,  which  were  not  unexpected.  The  scjctux  of  carrphene  p.X)poscd  by  Wagner,  has  been  subject  to 
doubts  for  WOTC  dian  thirty  years  because  not  even  one  cansformatinn  of  camphene  orcura  uniformly,  but  always  in 
different  directions  and  is  accompanied  by  isom-iizatior.  Even  ozor  o'>>sis  of  carrptei.e  gives  two  p^ucts,  cam,jbeT?i- 
lone  and  a  lactone.  It  was  necessary  to  overcomeihe greatest  difficulties  durmg  the  investigation  of  tiie  mixture  of 
the  three  camphene  monochlorides,  to  encounter  many  very  uncxpecsed  restilts  which  cid  not  have  any  analogy  In 
chemical  literature  (see  ozorolyais  of  one  of  the  c hi omcam phenes),  and  to  study  a  serjes  of  tta’isforma dons  in  order 
to  come  to  a  satisfactory  conclusion  by  comparison  of  the  results. 


Initially,  it  was  necessary  to  separate  the  mixtire  of  chlorides,  c.  the  st_d>  of  me  tr*ns.ortratjC!!s  woidd  have 
been  senseless.  The  seiaration  was  accomplished  by  an  exchange  leaf  nor.  witii  potissium  acetite.  The  amount  of 
active  chlorine  in  the  mixture  of  chlorides  varied  from  36-38^  of  the  total.  The  chlorine  at  the  doidile  bond  in 
chloride  (II^  must  be  inactive,  the  chlorine  in  chloride  (D).  a  homolog  of  ocopentyl  chloride,  must  be  only  slighUy 


active.  The  chlorides  wifli  the  inen  chlorine.  (II)  and  (IH)  were  separated  iy  this  conversion  from  the  ca.nphcnc 
acetate,  a  derivative  of  chloride  (I)  h  was  necessary  to  assinne  tnat  the  structure  of  camphcnol  corresponded  to  that 
of  chloride  (I),  w’hich  was  confirmed;  camphenol  was  found  to  be  primary. 

.he  o.:onolysis  o  the  chloride  with  the  inactive  chlorine  consisting,  as  was  finally  shown,  mainly  of 
chloride  (III)  gave  very  surprising  resalu.  It  was  expected  that  camphcnilcne.  hydrogen  chloride,  and  formic  acid 
would  be  obt4.iaed  in  coitiioolccr^-r  suroitits. 

-l  '  '  “  '  •  •»  * 
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Actually,  only  30^  of  the  theoretical  yield  of  camphcnilcne  was  obtained  upon  o.;onnlysis  of  chloroform  or 
acetic  acid,  and  only  15^  of  hydrogen  chloride.  In  addition  to  camphenilone.  a  widely  boiling  mixture  of  other  pro¬ 
ducts  was  obtained,  which  contained  chlorine,  from  which  a  crystalline  trichloride  of  composition  C|qH|,C1,  could  be 
isolated.  Tnis  trichloride  was  readily  volatile,  and  for  this  reason  was  mixed  with  all  fractions  boiling  lower  than 
camphenilone.  and  did  not  allow  them  to  be  obtained  in  pu'-  form.  A  lactone  was  also  present. which  was  dc:erte«l 
by  titration  with  hot  alkali,  but  could  net  be  isolated  pure.  The  same  amounts  of  camphenilone  and  trichloride  were 
also  obtained  upon  ozonclysis  of  the  inert  chloroc  am  phenes  in  a  mixture  of  glacial  acetic  acid  and  acetic  anhydride, 
followed  by  decomposiuon  of  the  ozonide  by  heating  the  solution  to  boiling,  removing  the  solvents,  and  distilling 
the  residue.  This  shows  that  the  formation  of  the  trichloride  1$  not  due  to  the  cleavage  of  the  ozonide  by  watei;and 
occurs  at  the  time  c’  the  ozonolysis  It  can  be  suggested  that  the  ozonide  splits  into  camphenilone,  carbon  dioxide, 
and  hydrogen  chloride-  rhe  latter  is  partially  oxidized  by  ozonr  to  chlorine. which  then  adds  to  chloride  (llOto  form 
the  trichloride  CjoHuCl,.  The  a  ucous  solution  irom  the  cleavage  of  the  ozonide  with  water  gave  a  c^ualitative  re¬ 
action  for  forn.aldchyde.  and  a  small  a-noun:  of  dimidonc  formal  could  be  obtained  from  it.  One  of  the  higher  boil¬ 
ing  fraction*  to,  ui..s  tlic  trichlc.-'’e  ar>  a  substance  of  the  composit*nr.  CfH^jOCl.  These  two  facts  arc  proof  of  the 
possibility  of  the  presence  of  ctuutide  (I\*)  in  the  mixrjre  of  Iricrt  cnlorides.  At  first  glance,  the  chlorine  in  chloride 
(I\')  appears  strange  (tertiary  chlorxlusof  the  allylic  typ**).  but  the  rhlorinc  is  found  at  the  carbon  atom  which  stands 
at  the  head  of  a  triple  bridge.  Fur  th»s  reason  a  .y  exc.tange  reaction  of  the  chlorine,  occurring  usually  with  a 
Walden  inversion,  is  only  possible  in  the  case  of  the  lupta^e  of  one  of  the  bridge  carbon  atoms.which  re  uires  a  very 
high  energy  of  activation  Examples  of  the  inertness  of  such  tertiary  chlorides  are  known  |3].  Since  only  campheni¬ 
lone,  isolated  in  only  30^  of  the  possible  'uantity.  is  an  undoubted  derivative  of  chloride(lll).  and  the  formation 
of  the  trichloride  of  unknown  structure  cannot  be  assigned  to  any  known  chloroc  am  phene,  it  was  necessaty  to  recog¬ 
nize  that  the  method  of  ozone  lysis  did  not  prove  the  theory  in  the  given  case. because  of  the  unexpected  side  reactions, 
and  that  it  was  necessary  to  search  for  so.me  other  aamformation  giving  more  definite  products  in  better  yield. 


Similar  results  were  given  by  the  method  of  pmparing  oxides  from  a  mixtu»’e  of  inert  chlorides  by  the  action 
of  benzoyl  hydroperoxide  in  chloroform  solution. 


Part  of  the  chlorides  did  not  react  (actually  chloride  (I!)) .  a  crynalline  sub¬ 
stance  of  composition  CnHuOCl  was  obtained  in  about  36^  yield  based  on  the  re¬ 
acted  chloride  In  addition,  a  complex  mixture  of  high  boiling  products  was  ob¬ 
tained  in  the  same  yield  as  the  camphenilone.  and  was  a  substance  of  unestablished 
structure,  further  study  of  this  transformation  and  its  P'oducts  was  not  in^e. 


An  attempt  to  obtain  primary  oxidation  products  from  the  mixture  of  inert  camphene  chlorides  by  an  insufficient 
amount  of  poussium  permanganate  in  aqueous  suspension,  or  in  acetone  solution  was  also  unsuccessful  In  spite  of 
great  varUtions  m  experimental  conditions,  the  man  par*  of  the  chlorides  was  »ecove»ed.  while  the  oxidized  part 
appeared  as  a  mixture  of  extensively  oxidized  products  which  did  not  allow  a  cleat  cut  conclusion  on  the  contents  of 

any  chlorocaraphenes  in  the  starting  mixture.  For  this  rcasdn.  the  conesponding  experiments  are  not  reported  in  the 
experimenul  section. 


The  best  results  were  given  by  the  oxidation  of  the  inert  chloride  in  8C-^  acetic  acid  by  an  excess  of  dry 
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pc««lum  pe™>ng.,«.e.  Abou.  60%  of  possible  yield  of  caospheoilone  and  10%  of  debydrocanspbenUKi  acid 
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were  obtained  with  a  consumption  of  about  lOg-aio.-ni  of  active  oxygen. 

The  products  obtained  require  a  very  much  smaller  oxygen  consurap- 
tion.  For  this  reason  it  must  be  recognized  that  there  is  another  chloride  in 
the  mixture  in  addition  to  chlorides  (III)  (carophenilone  is  not  oxidized  by 
permanganate),  and  (II),  which  oxidized  much  more  extensively,  or  chat  20 

P^ti  dehydrocamirfienylic  arid  was  subjected  to  more  extensive  oxidation.  ' 

The  same  results  on  the  amount  of  chloride  (IE)  in  the  mixture 
were  obtained  by  the  study  of  the  action  of  sodium  amylate  in  isoamyl  alcohol  on  tiie  inert  chlorocamphenes.  Upon 
boUing  the  chlorides  with  sodium  isoamylate  In  iscamyl  alcohol.  6T5t  of  the  chlorine  was  mmeralized  after  23  hours, 
and  the  reaction  then  stopped.  31^  of  the  starting  chloride,  and  44^.  based  on  the  chloride  reacted,  of  the  isoamyl 
enol  ether  of  camphenilanic  aldehyde  were  found  in  the  reaction  products. 
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The  ether  gave  upon  hydrol>'sis  with  3*^  hydrochloric  acid,  isoamyl  alcohol  and  camphenilanic  aldehyde, 
which  was  oxidized  to  isocamphenilanic  acid  wnb  m.p.  117*  by  permanganate. 

A  semicarbazonc  was  obtained  from  camphenilanic  aldehyde  which  melted  at  192-193"  after  two  rccrystalli- 
zations  from  alcohol.  Henderson  [4]  gives  an  m.  p.  191-192*.  However,  these  resulu  are  untrue.  Continued  re- 
crystallizatlon  of  the  above  preparation  from  alcohol-benzene  raised  it  to  207-208*  after  4  recrysullizations:  it  did 
not  change  upon  subsequent  recrystallization  from  other  solvents. 

The  chloroc  am  phene  recovered  from  heating  with  sodium  Isoamylate  was  ozonized.  Camphenilone  was  ob¬ 
tained  in  about  30^%  of  the  possible  yield.  This  fact  can  be  explained  because  chloride  (III)  was  a  mixture  of  cis 
and  trans  forms  band  ^  of  which  form  £reacts  with  sodium  isoamylate  at  lower  temperatures  (absence  of  steric 
hindrance  from  the  side  of  the  gem  dimethyl  group),  than  form  h  In  this  case,  the  recovered  c.Joride  (form  ^  must 
react  with  sodium  isoamylate  at  higher  temperatures,  which  was  confumed  experimentally.  70^  of  the  chloride  re¬ 
acted  in  5  hours  at  210*  in  a  sealed  tube.  of  the  Isoamyl  camphenilic  ether.based  on  the  chloride  reacted, 
was  obtained.  The  total  yield  of  the  ether  from  forms  £and  £was  slightly  more  than60‘55>.  Therefore,  the  mixture  of 
inert  chlorides  contains  not  less  than  60^5»  of  chloride  (HI),  which  agreed  vrith  the  results  of  the  oxidation. 

The  presence  of  chloride  (II)  in  the  mixture  was  established  by  another  method.  It  was  stated  above  that, 
during  the  oxidation  of  the  inert  camphene  chloride  by  a  permanganate  solution,  the  main  part  of  the  chloride  was 
recovered.  It  was  oxidized  many  times  until  the  chloride  began  to  be  oxidized  very  slowly  by  permanganate  solution. 
This  chloride  was  converted  into  an  organosodium  compound  by  treatment  with  powdered  sodium  in  Isopentane,  aiul 
was  decomposed  with  water.  The  hydrocarbon  obtained  (b.  p.  151-154)  melted  at  36-42*.  it  was  purified  from  con¬ 
taminants  by  Lipp's  method  [5];it  then  melted  at  58-68*.  Camphene  melts  at  50*;  tricyclene  at  68* . 

The  structure  of  the  chlorocamphene  with  the  active  chlorine,  as  stated  above,  had  to  be  determined  by 
means  of  the  camphenol  obtained  ^rom  it,  since  the  mixture  of  chlorides  boiled  within  1*  and  could  not  be  separated 
by  physical  methods.  Chlorides  (II )  and  (III)  were  primary;  for  this  reason,  it  could  be  assumed  that  chloride  (I)  was 
primary,  and  the  chlorine  atom  In  It  bound  to  the  same  carbon  atom  in  the  isocamplrere  skeleton  as  in  chlorides  (U) 
«nd  (III).  Its  acetate,  obuined  by  the  reaction  with  potassium  acetate  with  the  initial  mixture  of  chlorides,  boiled 
within  1*,  its  molecular  refractivity,  MRD  (54.89)  was  somewhat  greater  than  that  calculated  for  the  formula 
Cj,H|,OCOCH,r  (54.40).  The  ester  was  completely  saporuhed  only  after  a  6  hour  boiling  with  alcoholic  alkali 
which  agreed  with  the  structure  (I)  (sterically  hindered).  The  alcohol  obtained  by  the  sapomfiratiOT  of  the  ester 
was  soUd  and  homogenous,  melted  at  59-60*;  it  formed  an  aad  phthalate  melting  at  142-143*  on  boiling  with 
phthaUc  anhydride  in  benzene;  therefore,  the  alcohol  was  primary.  This  fact  leads  to  the  cof.*cii:Son  that  its 
structure  caresponds  to  that  of  chloride  (I)  (primary).  The  acid  phth.alate  was  not  obtained  quanutarively  by  the 
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reaction  of  eouimolecular  amounts  of  the  alcohol  and  phthalic  anhydride  in  boiling  benzene.  Simultaneously 
was  obuined  a  diphthalate.  resulting  in  the  formaaon  of  waarr  which  hydrolyzed  tne  plithalic  anhydnde  to  the  acid, 
and  a  certain  pan  of  the  alcohol  isomerized  into  an  aldehyde  (or  mixture  of  aldehydes).  Upon  the  deliberate  addition 
of  water  to  the  reaction  mixture,  the  aldehyde  could  be  obtained  in  considerable  yield,  fcs  semicarbazone  could  be 

separated  into  poorly  and  readily  soluble  parts  by  crystallization  from 
alcohol.  Tbe  lirst  part  was  brought  to  a  constant  m.p.  205-207  by  recry- 
stallization  from  alcohoiic-benzene.  A  mixed  melting  point  with  caro- 
phenilanic  aldehyde  semicarbazone  (see  above)  gave  no  depression.  The 
readily  soluble  pan  was  bro>ight  to  a  m.p.  148-149* by  recrystallization 
from  benzene.  It  was  not  determined  to  what  aldehyde  the  last  semi¬ 
carbazone  corresponded.  The  isomerization  of  the  alcohol  is  in  complete 
agreement  with  structure  (T)  and  is  analogous  to  that  of  allylic  alcohol  to  propionaldehyde. 

Structure  (I)  and  (I*)  do  not  follow  Bredt's  rule,  but  diis  rule  is  not  a  law  and  exceptions  to  it  are  known  [61 
In  alcohol  (T),  the  double  bond  is  found  in  the  nngi  for  this  reason,  the  careful  oxidation  of  any  of  its  esters  with 
subsequent  saponification  must  result  in  the  neutral  subsrance  of  composition  Cj|HxcP},  which  does  not  show  an 
aldehydic  reaction.  By  the  oxidation  of  the  sodium  salt  of  the  acid  phthalate  of  the  abo%e  alcohol  with  aqueous 
permar.ganate  (2  gram  atoms  of  oxygen),  this  substance  was  obtained  in  a  yield  of  40^  of  the  possible,  which 
confirmed  ihe  presence  of  a  cyclic  double  bond  in  this  alcohol. 

A  more  extensive  oxidation  of  alcohol  (I’)  can  be  described  by  the  following  scheme  If  the  experimentally 
established  oxidation  course  of  camphene  [7]  is  kept  in  mind.)  : 


In  this  diagram,  oxidatioii  of  the  alcohol  (!')  accompanied  by  an  intermediate  pmacohn  rearrangement, 
yields  ketopinic  acid  (VI)  and  cis-apocamphoric  acid  (Vil),  while  without  the  reartangement  it  yields  isocamphoric 
acid  (Vni),  a  hydroxydicarboxylic  acid  (IX),  and  oxalic  acid  Oxidizing  isocamphenol  in  aqueous  soluuon  with  an 
excess  of  potassium  permanganate  yielded  cis-apoc  am  photic  acid  and  its  anhydride,  isocamphoromc  acid,  oxalic 
acid,  and  acetic  acid.  About  one-third  of  a  mole  of  acetic  acid  was  recovered  per  mole  of  camphenol.  When 
camphenol  was  oxidized  with  a  lesser  quantity  of  permanganate,  we  got  ketopinic  acid.  These  experimental  futdings 
fully  agreed  with  the  suggested  scheme  for  the  oxidation  of  camphenol,  which  enables  us  to  adopt  tliC  structure  (I*) 
for  it  with  adequate  certainty.  What  was  unexpected  was  the  securing  of  a  small  quantity  of  acetic  acid,  which  is 
not  oxidizable  by  permanganate,  as  we  know.  Us  formation  may  be  explained  by  the  dehydrauon  of  the  hydroxy 
isopropyl  group  of  the  unseparated  acid  (IX)  to  an  isopropenyl  group  followed  by  the  latter's  oxidation.  We  were 
wholly  unable  to  confirm  this  hypothesis,  however. 

The  camphenol  (I*)  is  extremely  easily  soluble  in  all  organic  solvents,  which  made  it  difficult  to  recry- 
sullize  it  to  secure  a  constant  melting  point  (59-60*).  This  was  accompUshed  from  aqueous  methanol  chilled 
to -20  .  When  we  tried  to  recrystallize  it  from  Kfjo  acetic  acid,  in  which  it  is  moderately  soluble,  we  found 
ihat  the  melting  point  rose  with  each  successive  crystallization,  finally  coming  to  a  stop  at  176-178*.  A 
saniple  of  camphenol  with  a  m.p.  of  59-60*,  kept  for  2  years  in  a  not-tightl\r sealed  bottle  in  a  draft  where  strong 
acids  were  present,  exhibited  a  broad  melting  range  (about  120-140*);  recrystallizing  it  from  aceuc  acid  yielded 
crysta  ^  176-1 .8  ,  which  smelled  of  camphor  and  "skittered*  over  the  surface  of  the  water  like  camphor 

A  sample  of  these  two  specimens,  mixed  with  inactive  carrp.-.cr  (m  p  i:6-17fc*)  exhibited  no  depression  of  the  melting 
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Therefore,  the  action  of  comparatively  weak  acids  in  low  concentration  isoroerizea  camphcnol  (I*)  into 
canipheniianic  aldehyde,  it  is  transformed  into  camphor  by  the  act  oc  of  comferatively  weak  acids  in  high  concen¬ 
tration.  or  strong  acids  at  low  concentratian. 

EXPERIXIENTAL 

Chlorination  of  Camphene 

The  chlorxcation  of  campnene  was  corducted  uidfir  rfevio,,sly  (see  previous  comr«ctcstiot>)  repoted  condi¬ 
tions  with  the  only  differetice  being  that  carb^  tetracrlotlde  was  added  in  an  amount  oecessary  tor  tte  solution  of 
the  camphene.  Isomerized  camp^.'ene,  flte*’fd  at  30-35*  with  m.p,  47-45*.  wi«  ued.  A  report  of  or^  of  these  experi¬ 
ments  is  given  below. 

Carrpbene  350  g.  CCI4  150  g.  NaHCC^  200  g.  KMnQ*  100  g.  HQ  (1.19)  750  ml.  The  chlorine  In  the  chlorides 
after  the  removal  of  the  CGI4  and  part  of  the  camphene.  78.9  g,  in  salts.  3L1  g:  yield  of  'anomaloiB*  reaction. 
56^k 

The  CCI4  and  part  of  camphene  were  removed  in  watei  pump  vacuum,  the  remaining  camphene  and  the 
moRochlorioes  were  distilled  through  aheningbone,  of  4-5  pistes  at  2  mm.  Used  initially:  camphene  350  g. 
chlorine  IIC  g,  total  4C0  g.  Obtained;  camphene  126  g,  fraction  60-61*  128  g,  crystalline  residue  130  g,  chloride 
ion  31  g.  total  415  g;  loss  (camphene)  45  g. 

Fraction  60-61*at2  mm;  dj*  1.009.  1.4944. 

Found  Cl  20.4,  20.3.  CisHua.  Calculated  Cl  20.7. 

The  amount  of  active  chlorine  was  determined  by  a  4  hour  boiling  with  potassium  acetate  in  acetic  acid, 
and  was  equal  to  36.5^  of  the  toul  amount  of  chlorine. 

The  crystalline  part  was  lecrysiallized  from  alcohol  until  the  melting  point  lerrained  unchanged  at 
134.5'135*.  The  substance  was  readily  soluble  in  gasoline,  benzene,  acetorie,  ether,  less  in  cold  alcohol,  ft  did 
not  react  with  bromine  water  or  permanganate  solution. 

Found  ‘jb:  Cl  34.5,  34.4.  Ci^Hj^l,.  Calculated  $>;  Cl  34.3. 

Separation  of  the  Monochlorides 

330  g  of  nxjnochlorides  containing  35.0*51)  of  active  chlorine  of  the  total  amount  was  heated  to  boiling  in 
500  ml  of  acetic  acid  with  200  g  of  potassium  acetate  for  8  hours.  53  g  of  KO  precipitated-  the  reaction  had 
oexurred  completely.  The  acetic  acid  was  distilled  through  a  branched  column  in  a  water  pump  vacuum,  the 
residue  was  diluted  to  1  liter  %vith  water,  extracted  with  ether,  the  ether  was  removed  from  the  extracts,  the  residue 
distilled  through  an  8-10  plate  column  at  1  rora.  These  fractions  were  obtaa.ned*!)  up  to  53*'"5  g,  2)  53*54 
-2M  g,  3)  54-73* -5  g.  4)  73-74* -87  g.  5)  73-i90*-10  g,  residue  5  g,  loss  28  g  (in  acetic  aerd). 

Fraction  2:  dj*  l.OlSi  i^  1.49245;  MJ^  48.^;  calc uiaied  48.38. 

Found  *5#:  Cl  20.6,  20.7,  weight  of  bound  chlorine.  C^j^l.  Calculated  %  Cl  20.7. 

Fraction  4;  dj*  0.991;  1,4731;  MRq  54.89:  calculated  54.40. 

Found  saponification  No.  284,  286.  Cj^HjjCCOCIvr.  CalcuUtcd  s^ponificatioo  No.  288. 

Ozono  lysis  of  Inert  Mo  noc hlortdes 

5*5b  by  weight  of  ozone  was  passed  into  a  solution  of  34  g  of  the  chJmjle  ra  100  ml  rf  chloroform  until 
saturation  of  the  double  bond.  The  ozonide  solution  was  dropped  into  bo-Lr*  water,  the  volatilts  were  sre*m  distilled, 
the  chlorofoTrP  layer  was  distilled  separately;  the  ch^oro^ocn;  was  removed  *nd  tf*e  residue  (29.5  g)  v^^as  <i,.«rilled  ax 
3  mm  throi^h  a  6-6  plate  column.  The  foUowiirg  ftacilcns  were  obtairted  1>  to  56*— 1.3  g  2)  56  5 1  —9.0  g.  3) 
58-80*-2.8  g,  4)  80-106*-4.0  g,  5)  10G;130*— 10.0  g  residue  2.0  g.  «  » 
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Fraction  2:  0.998;  1,4785.  Found  1b;  a  6.1  and  6.3. 

The  traction  solidified  at  “^O*.  il-e  crystals  were  filtered  and  dsed  oc  a  pwous  plate;  m.p.  36-3T*,  camphoric 


odor. 

Found  1b:  C  77.9;  H  lO.L  CjHuO.  Calculated  1b:  C  78.2;  H  10.1. 

The  subsunce  was  cairphenllone.  An  oxime  was  prepared  which  was  lecrystallited  lo  a  constaar  xn.p. 
105-105.5*  correspooding  to  campheailooe  oxime.* 

Frac aoTiS  3  and  4  were  combined  and  distilled  through  a  micro  coluiri!.  1.8  g  of  a  fracuon  with  b.p.  70-72 
at  1.5  mm  was  obtained:  d|^  L105. 

Found  1b:  C  63.0,  63.3;  H  7.7,  7.9:  a  20.1,  20.0.  C,Hj,OCl.  Calculated  <>:  C  62.8;  H  7.5,  O  10.5. 

In  ocher  exi>erunent$  cti  the  ozorotysis,  this  fraction  of  the  cblort^eione  coild  not  be  isolated  in  acb  pure 
form;  It  contained  more  chlorine,  less  carbon,  but  if  it  was  assumed  that  the  fiarticn  consisted  of  the  cfcioroketone, 
and  the  trichloride  Cj^^Cl^  and  the  amount  rf  trichloride  wascalculated  by  means  of  the  excess  chlocizse  content, 
a  satisfactory  agreement  erf  the  analytical  dau  %dth  the  calculated  was  obtained. 

Fraction  5  was  iltrited  with  normal  alkali  while  heated  on  the  boillcg  water  ham  (it  dtd  noc  ticate  in  the 
cold,  lactcxie  type  of  neutralization).  7fe  Insoluble  part  serolsolidihed  on  cooling.  The  crystals  were  &lzaed 
(1.8  g)  and  recrystallized  from  alcohol  until  a  constant  m.p.  127-128*  was  obtained.  The  substance  did  »ct  react 
with  bromine  and  permanganate  solutions. 

Found  1b:  a  44.2,  44.6.  Ci»H|,Cla.  Calculated  1b:  Cl  44.2. 

Amount  erf  chlorine  initially  in  fraction  5:  Found  26.7>26.51bL 

In  the  water  in>the  distillation  flask  and  the  aqueous  layer  formaldehyde  was  detected  qualitati^ly 
(fuchsine  sulfurous  acid  ♦  0.1  N  HCl,  preparation  of  formal  diitldone  with  m.p.  186-189*),  and  0.958g  Cl*  was 
found,  Le.  13.61b  of  the  total  amount.  The  yield  of  carophenilone  was  about  211b. 

32  -  351b  of  camirfienllcne  could  be  obtained  in  other  ozocolysis  experiments  in  solutions  in  acetic  acid 
and  aceuc  anhydride,  but  the  yield  of  hydrogen  chloride  was  always  about  half.  The  trichloride  was  always  obtained. 

Preparation  of  Chlorocam phene  Oxide 

40  g  of  chlorides,  28  g  of  benzoyl  hydroperoxide,  800  ml  of  chloroform.  Parallel  blank  experi'*«esx.  End  of 
reaction  after  72  hours.  The  acids  in  solution  were  neutralized  with  dilute  allcali,  the  chloroform  reroored,  the 
residue  (37.5  g)  distilled  at  3  mm  through  a  6-6  plate  column.  The  following  fractions  were  obtained:  1>  64-65* 

—14  g,  2)  65-85*— 2  g,  3)  85-90*—ll  g  (fraction  crystallized),  4)  90-120*— 2  g,  5)  t20-180*-*3  g,  residue  1.3  g. 

FracUon  3;  Found  V-  Cl  18.9,  18.9.  CuH^iXl.  Calculated  1b:  Cl  19.0. 

The  crystals  were  pressed  on  paper;  m.p.  90-110*;  they  half  melted  In  an  open  beaker  with  the  eeolmJon  of 
HCl  within  24  hours. 

Oxidation  of  the  Inert  Camphene  Chlorides 

105  g  of  KhtiQj  was  added  stepwise  with  stirring  to  40  g  of  the  chloride  In  400  ml  of  acetic  acid  aad  100  ml 
of  water;  it  heated  spuntaneously  to  boiling.  After  fiJtratloii,  the  light  rose  solution  was  steam  distilled  uroI  die 
distillate  no  longer  clouded  upon  dUutim  with  water.  The  distillate  was  extracted  three  times  with  eqnal  volumes 
of  light  gasoline  (20-40*),  the  gasoline  was  removed  from  the  exnacu,  and  tbc  residue  (13.8  g)  was  distilled  through 
a  microcolumn  at  23  mm.  The  following  fractions  were  obtained  1)  to  86*-0.5  g.  2)  86-90*-9.5  g,  3)  50-130* 

“0.5  g,  4)  130-150*— 1.5  g,  residue  0.5  g. 

Lrac.ti<?n  g  soUdlfied  completely  In  the  receiver;  m.p.  36-37*.  The  oxiir^c  prepared  from  It  melted  at  105-106* 
after  the  first  recrystallization  from  alcohoL  The  melting  point  did  not  change  upon  subsequent  recrysr^Ilizaxioa. 

The  subsunce  was  campheiaione. 

Fraction_4  and  the  residue  also  crystallized.  The  crystals  were  pressed  on  a  porous  plate  and  rec^yssallizod 
from  aqueous  alcohcl  toa  constant  m.p.  150-151*.  The  gram  equivalent  found  was  166.  The  acid  was  dAydio- 
•  literature  references  are  not  pven  if  the  dau  are  given  in  Beilstein's  Handbook. 
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cJirphcniUc. 

S  odium  Isoamylate  with  the  i  nert  cblorocamphgna . 

87  g  of  the  chloride  w«  heated  to  boiling  with  a  wUitloc  of  16  g  of  sodium  in  250  ml  of  Isoaraji  alcohoL 
NaCl  separated  and  the  alkalinity  of  the  solution  decreased  gradually  (utrauon  of  an  aliquot  with  acid):  after 
23  hours  the  reaction  ended:  the  alkalinity  did  not  decrease  any  more.  According  lo  the  alkali  consumption, 

67^  of  chlorine  was  roineraLzed,  The  reaction  product  and  the  amyl  alcohol  weic  steam  distilled  until  no  more 
of  an  oil  came  over.0.347g-equiv. of  mineralized  chlorine  was  found  in  the  distillation  flask:  the  same  as  by  coo- 
sumptioo  of  alkali.  The  amyl  alcohol  layer  was  distilled  through  a  6-6  pLae  column  at  6  mm.  After  the  removal 
of  the  alcohol,  the  following  were  t^uined:  1)  73-75* -31.3  g.  2)  75-90* -2.0  g.  3)  90-92*-8.2  g.  4)  92-123* 

-2  7  g.  5)  123-125*-33.8  g.  residue  6.1  g. 

Elg£ilon_2_(dJ*  0.996:  Cl  ^  19.6  and  19.4)  was  cam  phene  chloride. 

Fraction  5  d^  0.917;  1.4800. 

Found  ^):  C  80.4,  80.6;  H  11.8,  11.8.  CoH^^O.  Calculated  V  C  81.08,  H  11.7. 

15  g  of  the  fraction  and  300  ml  of  3^HCl  yiere  distilled  fron*  a  flask  through  a  branched  column  until  no 
more  oil  disulled.  The  dirvillate  was  exhacied  with  ether,  the  ether  was  removed  from  the  exiracu.  and  the  residue 
(14.0  g)  distilled;  1)  126-132* -3  0  g.  2)  to  79* at  6  mni-0.8  g,  3)  79-82*-5.5  g.  4)  82-130*-4.2  g.  residue  1.2  g. 

Fraction  1;  d^  0.816,  p^  1.4124  had  the  odor  of  isoamyl  alcohol. 

Fraction  3  solidified  in  tl<e  receiver;  tlie  crystals,  pressed  on  a  plate,  melted  at  65-69*  (camphcnilanic  aldehyde 
melts  at  68-70^.  A  semicaibazone  was  obtained  from  these  which  was  taken  to  a  m.p.  207-208*(See  above).  1  g  of 
the  crystals  was  oxidized  with  aqueous  permanganate.  The  acid  obtained  melted  at  108-112*  without  recrystallization; 
after  the  first  and  second  recrysialUzation  from  hot  water,  the  m.p.  was  117*  as  accessary  for  isccamphenilanic  add. 

Found:  g-equiv.  169.  %C  71.5:  H  9.8.  Ci,H„C^.  Calculated;  g-eqiuv.,  ICS.^CllA,  H  9.5. 

The  chlorocamphene  vrhich  did  not  react  with  sodium  amylate,  was  ozonized.  32*^  of  crystalline  camphenilone 
with  m.p.  35-37*  was  obuined;  ir.p.  of  the  oxime,  106-106.5*. 

30  g  of  the  same  chlaocamphene  was  sealed  Into  two  tubes  with  a  solution  of  4.6  g  cf  sodium  in  100  ml  of  lio- 
amyl  alcohol  and  was  heated  for  5  bo«irs  at  205-210*.  The  contents  of  the  tubes  was  poured  into  water.  4.12  g  of 
chlcvide  ion  was  found  in  It  conesponding  to  70^  of  ilie  chlorine  in  the  chlorides.  The  oily  layer  was  distilled  at 
12  mm.  14.3  g  of  a  fraction  128-131*  was  obtained:  df  0.916;  1.4729.  12  g  of  tl«e  fractioi.  was  disulled  with 

300  ml  of  3^  of  hydrochloric  acid  The  following  were  obtained:  Isoamyl  alcohol,  and  camphenllanic  aldehyde  with 
m.p,  63-67*.  which  was  oxidized  to  isocsmphenilanlc  acid  with  m.p.  117*. 

Preparation  of  Tricyclece  from  the  Inert  Campbene  Chloride 

14.4  g  of  the  chloride  recovered  from  several  subsequent  experLments  with  insufflcieat  amounts  of  perman- 
garate  (not  reported),  were  dropped  with  stirring  onto  14  g  of  powdered  sodium  covered  with  Isopentane.  A  spontaneous 
evolution  of  beat  occuned,  and  tlic  solvent  boiled.  Upon  cooling,  the  soluUon  of  the  organo^odiuro  compound 
was  poured  from  the  excess  sodium  and  NaCl,  and  decomposed  with  water.  The  pentane  layer  was  separated  and 
disUUed.  3.8  g  of  a  soUd  hydrocarbon  with  b.p.  151-154*  and  m.p.  36^2*  was  obuined.  The  substance  was  oxidized 
with  permanganate  in  acetic  acid  to  a  suble  rose  color,  steam  distilled,  the  crystals  on  the  distillate  were  pressed  oo 
a  paper  (very  volatile),  dried  over  potassium  hydroxide,  ki.p,  68-68*  whJrh  conespooded  to  somewhat  impure  til- 
cyclene. 

Saponification  rf  Camphenol  Acetate 

110  g  of  the  ester  (for  constants  see  above)  was  saponified  by  a  6  htwr  boiling  with  60  g  of  KOH  in  200  ml  of 
alcohol,  the  soludon  diluted  with  three  volumes  of  water,  and  extracted  with  isopentane.  The  solvent  was  removed 
from  the  extract,  the  residue  distilled  at  11  rom.  80  g  of  a  solid  cami^enol,  b.p.  104-105  and  m.p.  43-56  was 
obtained.  It  was  very  readily  soluble  ir  the  usual  solvents.  It  was  recrystalbzed  from  80^  methanol  with  cooling  to 
“20*  until  a  consum  m.p.  of  59.5-60*.  With  less  sapoTilficaiion  Uroe.  the  alcohol  was  obtained  as  a  liquid  because 
of  impurities  of  the  ester,  ft  was  recrystallized  from  alcohol  and  analyzed. 

Found  1b;  C  79.1,  79.0;  H  10.5.  10.7;  OH  (Chugaev-Tse.-evitlnov)  li.7.  11.2.  Calc  ulated  ^ 

C  78.9;  H  10.4;  OH  11.2. 

Preparation  of  Camphenol  Acid  Phthalate 

65  g  of  camphenol  with  m.p.  43-66*.  66  g  of  freshly  sublimed  pbtfcallc  anhydride,  and  300  ml  dry  benzet-e  were 
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heated  to  boiling  for  2  houn.  Water  droplets  collected  from  tiire  to  tiirc  lo  the  coodenier  and  were  ^croo^  by 
wiping  with  filter  paper.  After  the  solution  cooled,  25  g  of  j^thallc  anhydride  crystals  (g«julv.  ’ 

precipitated.  The  benzene  was  rercoved.  and  the  residue  was  dissolved  in  300  ml  of  gasoLne  wi  eating  (  *  j. 

Upon  cooling  to  -23*.  55  g  of  the  acid  phih,a!ate  with  ir.p.  137-141-  came  out.  The  sr.lvent  was  removed  f^  Ac 
mother  liquor  through  a  column  or.  the  boiling  water  batt^csing  .a  water  jiimp  vactium,  and  the  residue  was  isso  v 
in  100  ml  <rf  gasoline.  12  g  more  of  the  pfcthalaie  with  m.p.  135-139* came  out  at -23*.  The  gasojine  wai  remotved 
from  the  solution,  and  1  g  of  a  roti)jle  liquid  giving  an  aldehyde  reaction  was  distilled  from  the  substance  on  the 
water  bath  at  0.02  mm  and  up  to  60*.aiul  at  60-62*  lfi.7  g  of  carophcnol  melting  at  46-62*.  without  recrysuUization. 
Weight  of  thie  residue.  21.5  g;  ft  was  dissolved  In  lOO  ml  of  hot  gasoline.  The  gasoline  was  removed  in  vacuum  from 
the  mother  llqaon  weight  of  the  final  residue.  14.0  g  (see  below).  WeJg.*it  of  products,  133.5  g;  no  losses.  16  g  of 
recovered  camphenol  was  heated  for  15  hours  to  boiling  with  16  g  of  r>hihaltc  anhydride  The  benzene  was  completely 
removed  in  vacuum  at  the  end.  The  residue  was  dissolved  in  200  ml  of  boiling  gasoline,  and  2.0  g  of  phthalic 
anhydride  was  filtered  off  (g^quiv.  83.6).  Upon  cooling  of  the  solution,  24  g  an  acid  pl.ihalaie  with  ro.p.  135-138 
came  out.  All  fam  residues  %#ere  rec-^ystallized  fracr  gasoline  with  ve^'y  small  losses  to  constant  melting  point,  alone 
and  In  mixtures,  of  142-143*  Light,  fluffy  needles  which  caused  violent  s.neczing  upon  enterfeg  the  nose.  G-equlv. 
found  301.  Calculated  for  Ci*Hjj-OCX:-C*H4"COOH  300.  Campbenol  was  bomogeneai  and  prfrnary  (81. 

The  usual  method  fer  the  isolation  of  the  phihalatc  from  the  be.nzene  solution  did  not  apply  in  this  case. 

Upon  treatment  of  the  solutioc  with  sodium  carborite.  a  cnUoidahopaleKent  solutlOTi  of  beraene  in  the  aqueous 
soluticxi  of  the  .<odium  salt  of  the  phthslate  was  obtained.  This  phentwrenon  1$  known  uoder  the.  name  of  "hydroirt^y*. 
and  is  mentioned  for  many  salts  of  organic  acids. 

14  g  of  the  final  residue  was  dissolved  in  ether,  and  treated  with  ar  excess  of  sodium  hydroxide  solution:  2  g 
dissolved.  The  ethex  was  removed:  weight  of  the  neutral  viscous  substance, I2.0g.  It  distilled  almost  completely  at 
146*  and  0.08  mm.  The  saponification  of  10  g  of  this  fraction  with  alcoholic  alkali  gave  3.5  g  of  phthalic  acid, 
isolated  in  the  form  of  the  paatsiuro  salt  which  was  difficultly  soluble  in  alcohol,  and  6.0  g  of  campbenol  with 
b.p.  100-101*  at  9  mm  and  m.p.  46-64* (without  recxycallizauan).  An  acid  phthalate  was  obtained  from  the  campbenol 
with  ro.p.  142-143* alone  ai.d  mixed  witn  the  previous  samples. 

Isomerization  of  Camphenol  into  the  Aldehyde 

In  one  experiment  on  the  prepr^ation  of  camphenol  acid  phthalate  from  69  g  of  the  alcohol,  2-3  ml  of  water 
fell  into  the  reaction  flask  because  of  a  poorly  fitted  reflux  condenser.  The  contents  of  the  flask  were  heated  to 
boiling  for  12  hours.  Upon  cooling.  16  g  of  phthalic  acid  crystallized.  The  benzene  solution  was  distilled.  The 
residue  did  not  crystallize  upon  the  removal  of  the  benzene:  it  was  a  mobile  liquid  wltii  a  strong  individual  odor 
different  from  that  of  camphenol.  resembling  that  of  camplkOr.  It  was  distilled  through  a  6-8  plate  column  at  17  roro. 

36  g  of  a  fraction  with  b.p.  88-89*  was  obtained. 

dj*  0.9525:  n{}  1.4676;  MI^  (for  aldehyde  found  44.33;  cakuUtsd  44.0, 

The  substance  gave  all  of  the  qualitative  tests  for  aldehydes.  6  g  of  the  fraction  was  heated  for  1  hour  to 
boiling  with  4.5  g  of  semicarbazide  acetate  in  50  ml  of  alcoiiol.  half  of  the  alcohol  was  distilled  off,  and  the 
residue  diluted  with  four  times  as  much  water.  A  solid  precipitated  which  was  separated  by  means  of  alcohol  Into 
difficultly  (2.2  g)  and  very  readily  (2.0  g)  soluble  pans.  Recrynallization  of  the  first  pan  from  alcoholic  benzene, 
and  the  second  from  benzene,  led  to  consunt  ro.p.'s  of  205-207*.  and  148-149*.  respectively.  The  first  semicaibazone 
melted  withexit  deiression  when  mixed  with  solid  campbenilanlc  aldehyde  semlcarbazone  (m.p.  207*^08*).  See  the 
general  section  for  the  isomerization  of  camphenol  inio  camphor. 


13.5  g  of  the  phthalate  was  dissolved  in  300  ml  of  water  and  5  g  of  NaHCO*.  and  10  g  of  KMnQ^  in  500  ml 
of  water  was  added  dropwue  with  cooling  and  siining  to  the  solution;  ilie  MnC3^  was  filtered,  the  flltraU  was 
acidified,  and  extracted  vriih  ether.  The  ether  was  removed  from  the  exaacti;  weight  of  the  residue,  15.2  g;  It  was 
saponified  by  a  2  hair  boiling  with  110  ml  of  nvmal  alkali.  The  water  was  removed  m  vacuum  from  the  soluuoii, 
and  tiie  solid  residue  was  extracted  4  times  with  100  ml  of  acetone  with  rubbing.  The  acetone  was  removed  from 
the  extracu;  weight  of  the  seirl-solld  residue.  4.6  g.  b  did  not  distill,  but  subllmedat  0.1  mm;  J.5  g  of  a  solid 
sublimate  was  obtained  in  a  sabre  flask  and  0.9  g  of  a  residue.  Tbc  sublimate  was  xecrysuUlzed  fro.Ti  bcnzcnci 
fine,  dense  crystals  with  m.p.  169-170* 

Found  C  65  3,  65.5;  H  8.9,  8.8.  Calculated^:  C  65.3;  H  8.7. 
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Tb€  Stobsiance  did  not  give  an  aldehyde  leacaon:  it  evidently  was  a  diketoalcohol. 

Oxidation  of  carrphenol  leading  to  ketoplnic  acid 

1400  n?!  of  a  4*^0  penranganate  solution  was  added  with  stirring  and  heating  to  75*  on  a  bath,  to  10  g  of 
can? phenol  tu^iended  in  100  ml  cf  water.  The  manganese  dioxide  was  filtered,  leached  twice  with  1/2  lltei 
of  boiling  water,  the  coml^ned  filtrates  evaporated  to  50  ml,  and  acidified  to  Congo  with  hydrochloric  acid, 
d  1.10.  The  iieclpitated  potassinm  chloride  was  filtered,  and  washed  with  ethers  the  filtrate  was  extracted  four 
times  with  ether,  and  the  ether  removed  from  the  extracts;  weight  of  the  viscous  residue,  11  g.  it  was  dissolved 
in  alcohol,  and  fair  volumes  of  benzene  were  added  to  the  solution;  0.55  g  of  crystals  deposited.  They  were 
recrystalUzed  from  hot  water;  clusters  of  thin  prisms,  m.p.  230^02*. 

Found^;  C  65.2;  H  7  6.  g-eqiuv.  166.  (kctopinlc  acid).  Calculated  “t:  C  65  9;  H  7.4-  g«quiv. 

182.  Kctopinic  acid  mclu  at  233.6-234.5*. 

Extensive  oxidation  of  carophenol 

32  g  of  campbenol  in  a  liter  of  water  (flask  with  reflux  condenser  and  tilrrer)  was  oxidized  with  stirring  and 
beating  (toward  the  end  at  75^  with  dry  permargar.ate  added  slowly  until  a  stable  rose  color  (160  g).  TTie  mangan.ese 
dioxide  was  filtered,  leached  four  times  with  a  htcr  of  boiling  water,  the  conbined  filtrates  distilled  to  300  ml,  the 
distillate  and  residue  extracted  four  times  with  ether,  and  the  ether  removed  from  the  extracts;  weight  of  the  residue 
(neutral  substances).  0.6  g:  It  was  not  investigated.  The  alkaline  residue  (300  ml)  was  acidified  to  Congo  with  hydro¬ 
chloric  acid,  and  the  carbon  dioxide  collected  in  a  gasometer  (3950  ml).  The  acidic  solution  was  steam  distilled  to 
a  neutral  distillate;  amount  of  volatile  acids,  calculated  as  acetic,  4.07  g.  The  distillate  was  nestiallzed  with  sediam 
hydroxide,  evaporated,  the  salt  fused,  weight.  5.7  g;  5.7  g  of  sodium  acetate  was  expected.  Pa.n  of  the  salt  was 
converted  to  the  stiver  salt#  ns  silver  content  amounted  to  64.655),corTesp»vdlng  to  that  of  acetic  acid.  One  tenth  of 
the  acid  solution  from  the  distilling  flask  was  saturated  with  an  excess  of  calcium  chloride,  the  precipitate  was 
filtered.  wast>ed.  and  d.ned  at  170*;  wt.  0.170  g  Foiod  CaO  43.6.  CsO/3a.  Calculated  CaO  43.7. 

The  remaining  acid  solution  was  extracted  three  times  with  equal  volumes  of  ether,  the  ether  was  removed 
from,  the  exuacts;  weight  cf  the  viscous  residue.  14  g  (acid  Q  The  aqueous  layer  was  evaporated  uiuU  the  start  of 
Salt  crystalllzauan;  it  was  filtered,  washed  with  a  sn>all  amount  of  cold  water,  the  combined  filtrates  extracted  three 
limes  with  ether,  and  the  ether  removed  from  the  extracts;  weight  of  the  viscous  residue,  5.3  g  (acid  IQ.  The 
aqueous  layer  was  slowly  evaporated  along  with  the  filtered  mineral  salts;  weight  of  the  viscous  residue,  11.0  g; 

It  was  insoluble  in  aceteme;  upon  combustion,  an  alkali  salt  remained.  5  ml  of  fuming  hydrochloric  acid  was  added 
to  It,  and  the  reaction  product  was  extracted  with  ether  3  hours  later.  7. 3g  (acid  DQ  was  extracted. 

Acid  Idid  not  cxystalUae  after  3  %*eeks.  6.4  g  of  a  substance  was  subUmed  from  a  saber  flask  at  a  bath 
temperature  of  lCO-180*and  l.lo*'*  mm;  wei^Jit  of  the  residue,  5.7  g,  loss  2.5  g.  The  sublimate  was  dissolved  in 
acetone,  benzene  was  added  dropwise  to  it  until  a  cloudiness  formed.  1.2  g  of  crystals  depoisited;  they  were  rccry- 
sullized  to  a  constant  m.p  208*209*  (small  cubes). 

Found  ‘5u:  C  58.3;  H  7.8;  g-eqmv.  93.5.  (Cis-apocamphorlc  acid.  m.p.  206-208*). 

Calculated  C  58.1;  H  7.5:  g-equlv  93  0. 

The  acetone-benzene  mother  liquor  was  evaporated  to  dryness,  the  residue  dissolved  In  gasoline,  and  poured 
In  a  crystallizer.  Growths  of  needles  sunoxiivied  by  an  oil  appeared  as  ihegasolire  evaporated.  They  we^’e  pressed 
<M  paper  and  recrystallized  from  gasoline  to  an  m.p.  175-176*.  The  substa'ice  was  not  titrated  by  aikai'es  in  the 
cold;  it  coHild  be  titiated  while  boiling:  g*equlv.  84  8  g.  Cis -apocampborjc  acid  anhydride  melts  at  176  ,  g-equiv. 

84.  The  sidistance  was  dissolved  in  alkali,  the  solution  was  acidified  to  Congo  with  byd'ochlonc  acid ,  and  poured 
Into  a  crystallizer.  Four  days  layer,  cubes  of  cis-apocamphcric  acid  with  m.p.  208-209*  and  g*equlv.  93.3  were 
obtained. 

Acid  n  solidified  after  60  days  into  a  slurry  of  crystals  surrainded  by  a  viscous  Uquld.  They  were  spread  on 
a  porous  plate  and  placed  into  a  desiccator  with  10  ml  of  ether  A  wrJte  powder  remained  on  the  plate  (3.2  g)  with 
m.p  160-172*  and  g-equiv  72  3.  It  was  recrystalltzed  to  a  coraiata  m.p.  166-167*. 

Fouol  C  49.2;  H  6.5;  g-equiv  72.6.  (isoc amphoric  acid,  m.p  166-167”;  Calculated 

C  49. 5;  H  6.4;  g-equiv  7.27. 

Acid  III  did  not  crystallize  in  90  days.  It  was  dissolved  in  ethet.  gasoliric  was  added,  the  volnion  pouied 
into  a  crystalUzei.  Crystals  surrounded  by  an  oil  appeared  as  the  gasoline  evaporated.  The  crystal;.  2.2  g.  were 
filtered,  dissolved  in  10  ml  of  water  and  allowed  to  sund  it.  an  open  beaker.  Two  weeks  later,  ciysuls  deposited.  ,  > 
M.p.  164-166*.  g-equiv.  found  71.1—  isocamphocic  acid. 
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SUMMARY 


1.  The  action  of  chlorine  on  cami^ne  was  studied.  In  contrast  to  all  other  terpenes,  three  nionochlorides 
were  formed  as  primary  products:  a?-chlorocamphene  (III),  '^•chlorotricyclene  (I5  and  bicyclo  p^2,2}-3-chloro- 
iDethyl-2.2-<liii)eriiyIheptene-3  (I):  the  latter  was  formed  in  opposition  to  Biedt's  rule.  The  possibility  of  the  forma'* 
tion  of  these  chlorides  was  suggested  in  communication  L 

2.  The  extent  of  the  •anomalous"  reaction  was  lower  than  with  other  terpenes  (^55^);  saturated  dichloro- 
campbene  was  farmed  in  a  j-ield  of  about  40^ 

3.  The  following  were  obtained  by  ozonolysis  of  chloride  HI.  independent  of  the  conditions  of  ozonolysis 

and  decompositioa  of  the  ozonide:  campheriione  (  -  307o),  hydrogen  chloride  (  and  a  saturated  tri- 

chlonde  There  is  no  analogy  in  the  literature  for  the  formauon  of  the  trichloride. 

4.  Chloride  (I)  was  almost  quantitatively  saponified  (via  the  acetate)  into  the  corresponding  terpenol 
(I’).  The  laner  could  be  isomerized  into  camphenilanic  aldehyde,  as  well  as  into  camphor. 

5.  Chloride  (ID)  was  a  mixture  of  cis  and  irans  forms  reacting  at  various  temperatures  with  sodium  amylate 
to  form  the  amyl  eaol  ether  of  camphenilanic  aldehyde.  Camj^ienilanic  aldehyde  semicaibazone  had  ro.p. 
205-207*.  and  net  191-192*  [4]. 
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REACTION  OF  DIALKTLPHOSPHORIC  ACIDS  WITH  ALDEHYDES  AND  KETONES 
V.  E-METHOXYETHYL  AND  E”ETHOXYETHYL  ESTERS  OF  a^fyTDROXYALKYLPHOSPHINIC  ACIDS 
V.  S.  AbraicoT,  Y«.  A.  Bochkova,  and  A.  D.  Polyakova 


In  the  previous  cwnmunications  [1]  li  was  shown  that  dialkylpliosphorlc  acids  reacted  with  aldehydes  and 
ketones.  The  reaciicm  occurs  tr  the  presence  of  freshly  prepared  alkali  metal  alcohtdates.  The  methyl,  ethyl, 
propyl,  and  other  a  "hydroxy alky  Iphosphlnic  esters  were  reported  o^i  in  the  jKevious  papers.  The  present  communica* 
tlon  reports  on  tliC  6-methoxyethyl  and  S-cthoxyethyl  esters  of  a-fcydroxyalkylphospW  tiic  acids.The  above  esters  are 
obtained  by  the  reaction  of  di“fi*siiethoxyeth>lpfiosphoclc  and  di“S‘ethoxyethylphosphoctr  acids  with  va^'ous  aide** 
hydes  and  ketones  the  reaction,  as  in  the  previously  reported  cases,  occurs  in  the  presence  trf  small  amounts  of  alkali 
metal  alcoholates.  In  pamciilar,  sodium  methylate.  The  reaction  proceeds  rapidly  with  a  great  evolution  of  heat.  * 
by  analogy  to  other  di alkylphosphotlc  acids,  the  mechanism  for  this  reaction  can  be  represented  by  the  follovdng 
scheme.  Sodium  alcoholaic  rea 'ts  with  di-S-methoxycthylpaosphonc  acid  or  di>6*ethoxyethylphosphoiic  acid  to 
form  their  sodium  salts. 

O 

// 

(RjOC1V:i^OjjP\^  ♦  R‘ONa  (ROCl^CH,p),PONa  ♦  ROH. 

H 


The  carbon  of  the  carbonyl  group  becomes  cationic  during  the  reactions  because  of  the  shift  of  electrons, 
and  interacts  vrith  the  lone  pair,  of  elecuoos  on  the  phosphorus  of  the  sodium  salt  of  the  di>5*alkoxyethylpbosphotic 
acid. 


(ROCl^Cl%p),PONa  ♦  ^=6  - ►  (RCCHC1^0),P— <Pi^a — ►  (ROCiVCH,p)tP=0  ^ 

R"^  Rv  L  RV  L  ~ 


•f 

Na- 


(ROCH,Cl^p),F^O 


-ONa 


(R0CH,C1\0),P\^ 


(ROCl^C«|0)iP=0  *s(RDCiy:i^C),PONa 
:-OH 


and  etc.,  where  Ris  CH^  and  C^l%.  and  R*  and  R".  the  various  radicals  of  the  aldehydes  and  ketones. 

As  a  result  of  the  reaction,  Snneiboxyethyl  and  fl-ethoxyethyl  esters  of  c*bydroxyalkyli*osphiiiie  acids 
are  formed  in  accordance  vrith  this  scheme. 


The  esters  obtained  are  Dansparect,  syrupy  liquids, very  often  immobile,  according  to  their  physical  irope^es. 

An  attempt  to  punfy  the  esters  obtained  by  vacuum  distiUatior.  at  2  mm  was  unsuccessful.  The  esters 
decomposed  Into  the  <tArring  materials  during  distillatioa.  Only  the  product  ol  the  reaction  between  di~fln)ethoxy 
ethylphosphaic  and  di-fi-cthoxyethylphospboiir  acid  and  acetone  distills  vriih  partial  decomposition.  Foe  this  reason 
it  was  necessary  to  choose  other  methods  of  puiiflcailoii.  The  puriflc  ition  of  fl -roe thoxy methyl  and  fi*«tboxyethyl~ 
a*bydroxyalkyIphosphinic  eaers  was  effected  by  adsorpaon  in  simple  systems.  Fused  alcmiitam  oxide  aj»d  activaied 
charcoal  In  series  served  as  the  adscebants.  Methanol  served  as  the  solvent,  and  m  seve^»^  cases  benzene  was  used. 

A  list  of  die  esters  obtained  and  their  coostanu  are  given  la  the  Table. 

The  reaction  was  also  effected  vrfith  other  carbonyl  compojds.  rocthyleihyl  ketore,  metnylpropyl  ketone, 
acetc^phenene,  benzophenone.benzil.  and  others.  The  conesporiding  E-meihoxyethyl  and  6  -euioxyctnyl  esters  oi 
the  a-hydroxyalkylphosphinic  acids  could  not  be  Uolatcd.  Increase  in  temperamre  and  change  in  physical  propenles 
of  the  mixture  during  the  experiment  indicated  that  a  leaction  between  these  subraaces  had  accacred. 
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TABLE  1  ■■  i 

B-Mcthoxs«thyl  Istcrs  of  fl -HydroxyalkylpJiosphlnlc  adds 


Expt.  Starting  carbonyl  Formula  of  the  substance  obuined 
No.  i  compound _ 


1  j  Acetaldehyde  . .  i  (CH,OCHCl^p),P-CH-CH| 


1.440I  I  i.ioei 


Butyialdchyde  .  .  '  (CH,OCl^Cl%p),MH-Cl%-CH!rCH,  1.44B6  1.1365 

i:  ! 

O  OH 


3  I  Benxaldehyde  . .  ;  (CH,OCHjCl%0)»pCH-C,H$ 

‘  o  6h  . 

i  Salicylaldeh>’de  .  (CH,OCl^Cl%0),«H-C,HsOH 


Acetone . ‘  (CH,OCl%CH^O),P— QCl^ 

it  i 
O  OH 


Sa*  I  Acetone 


‘  C}^-C1% 

Cyclopenunone  ,  *  (C1^0Cl%Cl^p)xP*</^  I 
•;  I  !\  I 

1  6  ohCH»-ci^ 


CyclohexanoDC 


I  Cl^-ClV 

.  .  j(CH,OCHiCHP),P-c/  /C\it 


1.S05S  1.2241 


1.4975 


1.4365  1.1540 


1.4345  1.1573 


1.4640  1.1910 


1.4660  1.1648 


;1  ]  'C1%-CIV' 

O  OH 


•  The  product  was  isolated hy  vacuum  dlstillatloo.  b.p.  12dr‘126T2.5  roin). 
TABLE  2 

e-Cthoxyethyl  Esters  of  a-Hydxoxy«lkylphosphinic  Acids 


Expe.  I  Starting  carbonyl  Formula  of  the  substance  obtained 
No.  compound 


I  Acetaldehyde  ..  |(C,H*OCH,CH|p),P-CH-Cl% 


G  OH 

Buryraldehyde  .  .  (C,H,OCl^Cl%p),p-CH(Ciy,CH, 

O  OH 

BenzaWehyde. .  .  '  (C,H*OCl^Cl^O),P-CHCtH, 

?  i  ll  i 

I  j  b  OH 

SaUcylalddiyde  .  j  (C,H|OCl^Cl%0),P-CHC,H4OH 

I  -  O  ^ 

:  Acetone . '  (CtHjOCHCl%0),P-C(CH,),  • 


O  OH 


Cyclopentanone  !  (CiHjOCl^CH^O),P“-C^  I 

M  i  \  ' 

6  ohcH|-ci% 

Cyclohexanone  (C,H,0C1%C1^0!),P-C^ 


It  ‘  C1%-C1^ 

o  oh 


•  B.p.  144*145*  (C  irro), 
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Table  1 


Perccra  phosphorus  ] 

Yield  (in  of 
the  theoretical) 

Found 

Calc. 

12.61,  12.78 

12.81 

79.9 

11.67.  11.64 

11.48 

60.6 

10.58,  10.48 

10.20 

69.7 

10.091  10.00.  9.95 

9.69 

59.0 

12.06w  12.09 

12.11 

66.4 

11.35,  11-42 

ILO 

6b.  1 

10.51.  10.55 

10.47 

55.8 

Table  2 


Phosphorus  content 

Yield  (in  of 
the  theoretical) 

Found 

Calculated 

11.7.  1L8 

11.5 

67.3 

10.3.  10.5 

10.4 

53.1 

10.3,  10.3 

9.5 

69.5 

9.0.  9a 

8.9 

50.7 

10.8,  10.7 

10.7 

34.0 

10.1.  lOJZ 

10.0 

53.0 

10.5.  10,5  1 

1 

i  9.5 

1 

!  74,6 

j 

j 

During  the  study  of  properties  of  esteis  of 
hydroxyalkylphosphinic  acids  It  was  shovm  pl  that  a 
decomposition  into  the  starting  substances  occurs  duiiiig 
heating,  and  that  the  equilibaum  is  shifted  toward  the 
formation  of  the  starting  compounds  with  increase  ia 
temperature. 


I  I  E  I  R- 


O  OH 


The  ease  of  rupture  of  the  C”P  bend  is  explained 
by  the  presence  of  a  hydroxy  group  in  the  e-positimt  and 
the  presence  of  a  hydrogen  bond  within  the  ester  molecules. 
With  the  above  studied  reaction  between  dl-  B-trethoxy- 
ethylpbosphonc  and  di-B  "ethoxy  ethyl  phosphoric  acids  and 
the  above  ketones,  evidently,  an  analogous  decomposition 
process  of  the  B -methoxy ethyl  and  B-cthoxycthyl  «- 
hydroxyalkylphosphinic  esters  which  were  formed,  occurs 
at  the  C*~P  bond.  The  decompositoi  of  the  esters  may 
be  represented  by  the  scheme: 


(ROCH,C1^0),P 


R*  r 

/-I, 


II...  ^ 

O  H-0 


(pOCHjCh'p) 


O  H-O 


R’  .O 

)c=  O  ♦  (ROCi%CI^O),pC 
R"  H 


where  Ris  CH|  and  and  R*  and  R",  the  various 
radicals  of  the  ketones. 


For  this  reason  it  is  clear  whv  the  corresponding 
esrets  of  the  a ‘hydroxyalkylphosphinic  acids  could  not  be 
isolated.  Their  decomposition  occurs,  apparently,  so 
readily  that.the  beat  evolved  during  the  reacrion  forming 
them  leads  to  the  reverse  proceu.  In  other  cases,  evi¬ 
dently.  it  occurs  during  the  process  of  puiif  ratioa  by 
the  beating.  Decrease  in  the  tempetature  at  the  tLnie 
of  the  purification  process  in  certain  cases  had  a  bene¬ 
ficial  effect  on  the  jneparation  of  the  corresponding 
esters,  for  example,  during  the  reaction  of  di-B-icethoxy- 
ethylphosphoric  acid  with  cyclohexanone,  butyraldehyde. 
and  others.  The  choice  of  the  temperature  during  the 
purification  of  the  a -hydroxy  alkylphosp^dnic  esters  is 
of  great  importance. 

EXPERIMENTAL 

The  experiments  were  conducted  in  the  following 
manner.  Equimolecular  mixtures  of  di-^B'snethoxyethyl- 
phospbaric,  or  di-B-«thoxyethylphosphorlc  acid,  and  the 
aldehyde  or  ketone  were  prepared,  and  a  small  amount 
of  freshly  pcepaied  sodium  methylate  dropped  into  them. 
In  erder  to  control  the  course  of  the  reaction,  the 
temperature,  refractive  Index,  and  the  density  of  the 
ecpiiroolecular  mixture  of  the  reacting  substances  was 
determined  before  the  addition  of  the  sodium  roethylatei 
the  sodium  methylate  was  then  added  and  a  rise  in 
temperature  occurred,  at  the  completion  of  the  reaction 
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TABLE  3 

Couxse  of  the  Rr-gction  Between 


Di 


-r-mctiTOTcycthylphcsphortc  JetB.  end  C^tevyi  Conipoundi 


Expt. 

No. 

j  Starung  carbonyl 

1  compound 

.  Amounu  of  the  reacting  IConsrants  of  the 
i  substances  ^siartins  mixture 

Increas 

temper 

te  of 

atore 

the 

<a 

“d 

of  the  mixture 
after  reacfica 

Carbonyl 
!  compound 

1 

;  Dialkyl- 
;  phospbocic 

* 

i 

--  - 

dunng 

reactio 

acid 

from 

to 

— 

1 

Acetaldebvde . 

r 

2.11 

9.5 

1.4287 

1.085 

24 

60 

1.4390 

2 

Butyraldebyde . 

3.0 

8.0 

1.4241 

1.044 

26 

111 

1.4400 

3 

Benzaldebyde . 

4.4 

8.0 

1.4775 

1.133 

19 

64 

1.4952 

4 

Sahcylaldebyde  .... 

2.67 

4.2 

1.4880 

1.167 

24 

48 

1.4848 

5 

Acetone  . . 

4.2 

12.0 

1.4205 

1.106 

25 

80 

1.4315 

6 

Cyclopentanone  .... 

4.0 

8.0 

1.4337 

1.080 

16 

47 

• 

7 

Cyclohexanone  .... 

4.0 

8.0 

1.43T2 

1.079 

26 

.  87 

1.4285 

8 

Mcthylethyl  ketone*  . 

3.7 

10.0 

1.4203 

1.074 

22 

66 

1.4235 

9 

Methylprcpyl  ketone  •• 

2.17 

5.C 

1.4190 

1.031 

21 

49 

1.4285 

10 

Acetopbsnooe . 

3.0 

5.0 

1.4775 

1.095 

28 

57 

1.4535 

11 

Benzophenone . 

3.64 

4.0 

1.4970 

1.139 

18 

91 

1.4960 

12 

Dibenzyl  kemne .... 

4.36 

4.0 

1.4970 

1.112 

23 

38 

1.4975 

13 

Benzil  1.1 . 

5.3 

5.0 

— 

— 

73 

120 

1.4975 

14 

Beczil  1;2*** . 

9.0 

■18.8 

1.4650 

1.1606 

24 

66 

1.4610 

*Cocstants  of  the  reacuon  product:  d**  1.1826;  n|J  L462G:  KlRjj  62.81;  calculated  63.S5. 
**  CoQsunts  of  the  reaction  product:  d**  1.091:  n|^  1.4220;  MBq  66.15;  calculated  68.17. 
•••  Constants  of  the  reaetton  product: 


dj*  1.1757;  ng  1.4625;  66.15.  calculated  68.17. 


TABLE  4 


Course  of  the  Reacdcn  between  Di-6-cihoxyeihylphosphonc  Acid  and  Caibonyl  Compounds 


Expt. 

No. 

Surting  carbonyl 
compound 

lAmounts  of  the  reacting 
;  substances 

Constants  of  the 
starting  mixture 

Increase  of 
temperature 
dunng  die 
reaction 

of  the  mixture 
after  reactiao 

Carbonyl 

compound 

[  Pialkvl- 
!  phosphoric 
acid 

to 

1 

Acetaldehyoe . ...... 

2.4 

12.0 

1.4229 

1.034 

23 

110 

1.4390 

2 

Biityraldehvde . 

2.8 

9.1 

1.4230 

1.037 

21 

97 

1.4404 

3 

Benzaldebyde . 

2.1 

4.5 

1.4696 

1.079 

21 

81 

1.4937 

4 

Sahcyialdehvde . . 

2.4 

4.7 

1.4ii44 

1  119 

25 

79 

1  4441 

5 

Acetone . 

3.0 

9.1 

20 

72 

6 

Cyclohexanone . 

2.1 

4.5 

1.4372 

1.045 

17 

78 

1.4562 

7 

Cycloperuanone . 

2.1 

4.5 

1.4330 

1.043 

16 

65 

1.45 12 

8 

Methylethyl  ketone.  . .  . 

1.8 

4.5 

1,4150 

0.997 

18 

66 

1.4225 

9 

Kletbylprc^yl  ketone  .  . 

1.3 

3.5 

1.4191 

0.998 

20 

62 

1.4245 

10 

Acetophenone . 

1.8 

4.5 

1.4649 

1.087 

27 

109 

1.4460 

11 

Benzophenooe . 

3.6 

4.5 

1.4970 

1.102 

19 

107 

1.4956 

12 

Dibenzyl  keune . 

4.2 

4.6 

1.4964 

1.083 

22 

40 

1.4880 

13 

Benzll  1:2 . 

4.2 

9.2 

- 

- 

49 

101 

1.4828 

14 

Benzll  1:1. .  . . 

4.2 

4.6 

— 

— 

63 

116 

1.4680 

the  coosunu  were  again  determined.  The  purification  of  the  product  obtained  was  then  effected. 

The  punficadon  of  the  esters  was  conducted  in  the  following  manner.  The  reaction  product  was  dissolved  In 
3-4  parts  of  methyl  alcohol,  the  soluder.  placed  into  a  round  bottom  flask  %nth  a  reflux  condenser;  10-15  g  freshly 
fried  aluminum  o;3de  was  then  added  to  the  flask.  The  contents  of  the  flask  were  heated  on  the  water  bath  for  1-2 


hours.  The  solution  of  the  product  was  filtered  fiorn  the  alumiiriiD  oxide.  Activated  catbou  was  added  to  the  filtrate 
and  it  was  heated  once  more  for  hours  on  the  water  bath.  The  carbon  was  filtered.  The  fiiaate  was  pt dr^o 
an  Arbuzov  flask,  the  solvent,  methyl  alcohol,  (fistilJed  off  in  vacuum  with  slight  heatiisg.  The  carbonyl  compounds 
were  removed  during  this  operation,  if  they  had  not  been  adsorbed.  The  consiasis  for  the  residue  vnsre  determlzmd. 

The  prepared  Bnnethoxyethyl  n-hydroxyalkylphosphlnic  esters  are  given  in  Table  1,  and  the  6  -^thoxyethyl  hydroxy- 
alkyl  phosphinic  esters  In  Table  2. 

The  conditions  for  the  reaction  between  dl-6-inefiioxyethylphosphoric  acid  and  dl-fl-edtox3refityliihcsr^snric 
acid  and  compounds  containing  a  carbonyl  group  are  given  In  Tables  3  and  4. 

SUMMARY 

1.  Dl-'B'irethoxyethylpbosi^toric  and  dl>S-ethoxyethylphospho!ic  acid  reacted  with  aldehydes  and  ketooes 
is  the  presence  of  sodium  methylate.  As  a  result  of  the  investigation  conducted,  seven  new  methoxyethyl  aod 
seven  new  ethoxycthyl  esters  of  various  a^hydroxyalkylphosphinicaclds  were  prepared  and  characterized. 

2.  Reactions  were  conducted  between  dl  'B'inethoxyethylphosphorLc  and  di-B‘ethoxyethylphospbcnc  adds 
and  ketones  such  as  acetophenone. be nzophenone.  and  others.  The  reaction  between  them  was  confirmed  by  i release 
In  the  temperature:  however,  the  corTespondlng  esten  of  the  a-hydioxyalkylphosphinic  acids  were  not  obtained, 
which  was  explained  by  the  ease  of  rupture  of  the  C~F  bonds  in  these  esters. 
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REACTION  OF  BENZENl;  WITH  ESTERS  IN  THE  PRESENCE  OF  VARIOUS  CATALYSTS 


®.  V,  Troaov  'uu  A.  M.  Petrova 


As  the  many  literature  results  [1,2]  and  those  of  the  aatbois*  pteviois  Icresd^tlons  [3,4]  showed,  esters  caa 
react  with  benzene  In  the  presence  of  catalyas  of  the  type  AICI,  In  two  directions:  1)  analogous  to  the  alkyl 
halides,  i.e.,  to  forin  benzene  hxunologs:  2)  similar  to  acid  halides,  to  form  ketone  in  the  case  carboxylic 
esters  and  nltxo  compounds  in  the  case  of  nitrates,  etc. 

The  presence  of  radicals  readily  split  from  oxygen,  for  example  Cl^—  and  .favors  the  alkylatioo 

reaction;  with  tiie  phenyl  radical,  stably  attached  to  the  oxygen,  acylatisa  occars.  As  for  the  a'JLdic-  residue,  then 
it  can  be  thought  that  alkylation  would  occur  more  readily  with  esters  of  cioog  acids.  However,  esters  of  two  strong 
acids,  nitric  and  sulfuric,  react  differently  with  benzene.  Benzene  is  nitrated  by  methyl  and  ethyl  nitrate  [5];  with 
dimethyl  sulfate  and  diethyl  sulfate,  as  was  shown  by  one  of  the  authos  [3]  and  was  conLc^iiTed  by  otbe^'  tnvesti“ 
gatozs  [61  only  alkyiauon  occurs.  It  Is  considered  possible  to  explain  this  difference  by  the  fact  that  the  fiy** 
lUge  of  the  process  in  bosh  cases  Is  complex  formation  between  the  ester  aai  the  caulyst  %ath  the  complex  forma* 
tion  occurring  differently. 

According  to  the  rules  of  quantum  mechanics  and  the  resuhs  of  physical  and  chemical  ioTestigations,  the 
nitrogen  in  the  soxalled  compounds  with  a  penta valent  nitrogen  is  ac«^ually  a  tenavalent  positive  one.  One  of  the 
bonds  of  nitrogen  with  oxygen  in  nitro  compounds  and  the  alkyl  nitrates  must  be  seml-polar.  For  this  reason,  the 
alkyl  nitrate  combines  with  the  catalyst,  peiroaiily,  because  ot  the  negative  charge  on  the  oxygen  atom.  Sulfur  can 
be  fully  hexavalent.  If  the  double  bond  between  sulfur  and  oxygen  in  the  dialkyl  sulfate  is  covalent  and  not  readily 

capable  oi  forming  complexes,  then  the  catalyst  can  readily  add  to  the  esrer  oxygen  as  with  etiieis: 

♦ 

RO-N  -6.  . .  .  AlCl,  as - OR 

II  I 

O  RO.  .  .Aid*. 

upon  the  subsequent  reacUui  with  benzene,  the  mtraxe  complex  is  attracted  to  the  cati>on  of  the  benzene 
ling  with  their  nitrogen.  This  finally  leads  to  the  formation  of  nitrocompeuads.  The  complexes  of  the  sulfate  type 
must  react  similarly  to  those  of  A1C1|  with  hydrocarbon  halides  or  etneis,  i.e.,  in  the  alkylation  direction.  Esten  of 
carboxylic  acids,  evidently,  are  capable  of  forming  complexes  of  both  types;  i.e..  the  ether  of  the  carbonyl  oxygen 
can  participate. 

The  following  problems  were  posed  tor  the  present  investigaiioa:  1)  to  study  the  reaction  of  berzeve  with  a 
large  number  ol  different  esters  and  catalysts;  2)  to  study  the  course  of  the  leactioa  using  siralier  aroourt?  of  catalyst 
than  IS  recommended  according  to  the  literature  results;  3)  to  tty  to  separate  intermediate  complexes  between  the 
esters  and  the  catalyst,  and  benzene  with  the  caulyst  and  the  ester. 

The  cxperlmcnul  results  agree  with  the  above  suggestion  of  two  types  of  complex  formation  with  eseis  and 
caulysts.  Those  esters  whicQ  were  expected  to  give  complex  formatioc  resulting  from  the  ether  oxygen,  gave  alkyl 
benzenes.  Esters  of  boric  acid  can  react  in  both  directions  since  complexes  the  esse:  with  the  catalyst  can  give 
off  alkyls,  but  bmon  can  also  add  to  the  benzene  ring.  The  latter  was  observed  in  the  expetimetti  witn  dbutyl  Locate. 

The  assumed  complex  compound  could  not  be  Isolated  in  expcttrrctns  with  ethyl  nitrate.  Evidently,  for  a 
detailed  atulysis  of  the  course  of  the  ixocess  fine  physical  methods  must  be  applied,  as  for  example,  absorptlo* 
spectra.  However,  as  indirect  proof  of  the  formation  of  some  sort  of  a  complex  compound  with  the  eater  and  SbCl^ 
was  obtained.  The  latta  itself  readily  chlorinates  benzene.  If  ethyl  utrate  is  added  Initially  to  benzene, 
then  the  subsequent  addition  of  SbCl,  leads  only  to  nitration.  Evidently,  SbCl»  gives  a  product  very  rapidly  with  the 
nitrate  which  subsequently  reacts  whh  benzene  to  form  nitrobenzene. 

EXPERIMENTAL 

In  roost  of  the  experiments,  the  catalyst  was  added  to  156  g  of  beciesie  (2  motes),  and  thee  the  esu:  was 
added.  In  experiments  wttii  SbCl^  it  was  necessary  to  Initially  mix  the  benzene  with  the  csrer.  and  then  add  the 
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Expc. 

No. 


Esiext 


Moles  (for  2 
,  moles  of 


Caulyit 


Moles  (for  2 
moles  of 


I^oducts 


i  Yield  In  5k 
.  of  the  theore* 

I  ticel  (based  on 
the  esterl 


1 

CjHjOSO^ . ; 

0.5 

AlCl,  1 

- i 

0.25  1 

• 

C,H,NC^  : 

81 

2 

CsH|ONC^ . i 

0.5 

zna.  1 

0.25  ; 

C,N,N<^  ; 

0 

3 

CjHsQSO^ . ' 

0.5 

SnO,  1 

0.25  ! 

1 

29.6 

4 

C^H^aKC^ . 

0.5 

Sbo,  ! 

0.25  ; 

C,H,NC^ 

49.2 

5 

C^HjONC^ . 

0.226 

SbClft  < 

0.144 

83.6 

Aid,  ; 

C,HjC,H,  . 

‘C,HiC,H,),  ^ 

17 

6 

S<VOC,H^ . 

0.5 

0.25 

10.9 

7 

SCVOCjH^ . ! 

0.5 

FcCl,  S 

0.25  1 

i 

8 

spiCOCtiy* . . 

0.5 

ZnCl,  : 

0.25 

L  •  { 

9 

SCVOC,Hs), . 

0.5 

SCC14  } 

0.25 

f  The  reacuon  } 

•  .  .  t 

10 

scyoCjHs), . 

0.5 

SbCl,  ■ 

0.25 

*  did  lur  occur  : 

•  1 

11 

SC^iXtHs), . 

0.5 

fcCi, 

0.125 

'  i 

23 

12 

POCOCjH^. . , 

0.25 

AlCl,  1 

0.25 

C,H,C,H, 

13 

BCOC^H^, . 

0.5 

i 

AlCl,  1 

0,125 

Bson  OLgaoic 
ccir  pound 

14 

Si(OCH,)4 . ! 

0.17 

0.25 

i 

The  reacion 

did  not  occm 

15 

Si(OC,H^ . 

0.125  ; 

Aid, 

0.125 

CWsH* 

12 

16 

CH^OOC^Hj . 

0.125 

AlCl, 

0.125 

i  The  reactloa 

17 

cticooc,i% . 

0.125  i 

SbCl, 

0.125 

)  did  not  occur 

18 

CIVCOOC4H, . 

0.125 

ZdCI, 

0.125 

19 

CHicOOCjHu. . 

0.125 

AlCl, 

0.125 

J 

20 

21 

CH,CCXX:!!*C*l^  .... 
CH^COCH^C^Hj _ 

0.125 

0.125  ‘ 

Aid, 

AlCl, 

0.125 

0.125 

Jc«H,|CHCA 

70.7 

79.0 

22 

CHjCCOCHjCW  .... 

0.125 

Cud, 

0.125 

1  The 

23 

CHjCCXXf^CjHj.  .... 

0.125 

ZnCl, 

0.125 

j  did  not  occur 

24 

CH,COOCl^C*H^  .... 

0.125 

0.125 

25 

CH^OOCH,C«Hj  .... 

0.125 

SnCl, 

0.125 

c,iv:i%c,H, 

66.6 

26 

CH,COOCI^C,H,  .... 

0.125 

SbCl, 

0.125 

<V%CH,Crt 

36.9 

27 

Cl4cOOCHic«Hj..  .  .  . 

0.125 

Bid, 

0.125 

C,H,C1V^,H, 

14,0 

28 

civ:ooci^c,Hj .... 

0.125 

All, 

0.125 

29 

CHgCOOC^ . 

0.125 

Aid, 

0.125 

•'The  teacticu! 
'did  nm  occur 

11.2 

CO 

C1^00C»Hj . 

0.125 

sbd. 

0.125 

31 

Triacetia . 

1/15 

Aid, 

0.2 

^  C,H,qOCH, 

.28 

32 

Tiiacetin . 

1/15 

SbCl, 

0.2 

C,H^Od% 

1  29 

33 

CHjClCOOCjH, . 

0.125 

Aid, 

0.125 

54.2 

34 

CUCICOCXH, ...... 

0.5 

' 

Aid, 

0.125 

The  reacaon 
did  not  occur 

35 

(CH^BXOOC,!^ .  .  . 

1/15 

AlCl, 

1/15 

19.2 

36 

ClV^CCXXZjH, . 

0.25 

AlCl, 

0.125 

C,H,C,1% 

!  8.0 

37 

CO(OCH,)l . 

0.125 

Aid, 

0.125 

The  leactioa 

t 

d^1  not  occur 

J 

38 

cocx:sH^ocx:tHt _ 

0.125 

Aid, 

C.125 

1  15.4 

39 

COOCxl%Cl%COOCxH| . 

0.125 

Aid, 

0.125 

C,1%C,H5 

'  12.5 

40 

C^HjSC^OCl^ . 

0.125 

Aid, 

0.25 

c,h,ch. 

!  32 

41 

C^i^OC^lk . 

0.5 

Aid, 

0.125 

^  The  reacdoa 

42 

C*H*OC,l^... . 

0.5 

SbCl, 

0.125 

1  did  not  occur 

43 

CjHuOCjHn . 

0.125 

AlCl, 

0.125 

U 

44 

. 

0.125 

AlCl, 

0.125 

C.HgCH,C^ 

1  91.5 

45 

(C^Hj^O . 

0.125 

SaCl, 

0.125 

C*H,d^C,H, 

*  79.9 

46 

(C^I^O . 

i  0.125 

SbCl, 

0.125 

j  40.5 
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citilyrt.  If  the  leectlon  was  Tloteai,  tiie  roixtute  hid  to  be  coole<l  At  fi  trr.  lAtei  It  was  bested  for  6  bouts  on  the 
wAter  bethf  wAter  was  tiien  Added,  And  soroetiines  Acidified  with  HO,  the  icAction  ptodact  was  extiActed 
with  ether,  a  steani  distilled.  The  eihet-oenzene,  ot  benzene  jolicion  was  died  And  through  a  dephl^ 

icAtcr.  The  expezlroeniAl  results  Ate  given  in  the  TnUe. 

Notes  for  the  ladivldcAl  Expedtpems 

Nos.1.3,4,5.  Bused  on  the  Amount  of  catalyst  used,  the  yield  of  the  product  was  162.  59.2,  28.4,  And  143lk 
respectiyely. 

No.  6.  The  total  percent  ethylation  was  17  ♦  10.9  *  2  ?  38.85k. 

12,  15,  33,  35,  36.  38,  39.  Ethyl  benzene  was  converted  into  acetophenone  and  its  {dienylbydrazone. 

Nqs.31,  32.  A  ihenylhirdrAzone  with  ro.p.  104'105*  was  obtained  from  the  reactioa  product. 

No.  40.  The  toiuenr  obtA’Rcd  gave  2.4’dinitroU)luene  with  m.p.  68*  upon  nltzAtioa. 

SUMMARY 

1.  The  reactioa  of  benzene  with  many  esters  of  organic  and  Inoiganic  acids  In  the  presence  of  a  seiiesof 
catalysts  was  studied.  Suppleaset^ary  results  on  the  relatica  of  the  direction  of  the  reaction  to  the  xuture  of 
the  ester  and  catalyst  were  obuined. 

2.  An  explatution  for  the  din^etent  course  of  the  reaction  Is  giTen.based  on  the  assumption  of  different 
types  of  complex  formation  of  the  ester  and  the  catalyst. 
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lODINATION  OF  BENZOIC  ACID  AND  BENZALDEHYDE  IN  THE  PIESENCE  OF 
A  NITRIC-SULFURIC  NITRATING  MIXTURE 

B.  V.  Tronov  and  A.  N.  NovtskoT 

Several  methods  have  been  suggested  for  the  prepaiition  of  in£ta*‘fodobenzaIc  acid.  It  is  obtained:  1) 
benzoic  acid  by  means  of  itie  iutro,amino,  and  diazo  compounds:  2)  ^om  phthalamide  by  means  of  anthtaniUc  and 
5*todoanthtani!lc  acid;  3)  by  the  direct  lodinatton  of  benzoic  acid  with  Iodine  in  the  presence  of  fuming  acid 
saturated  xith  sulfur  trioxlde  [3Jia  yields  of  55*^:  from  benzene  acid,  iodine,  coccentzated  sulhiric  acid  aitd  silver 
sulfate  [2]  in  yields  of  755k. 

•  The  last  mediod  gives  a  good  yield  of  the  product  but  caimot  be  considered  convenient  since  it  requires  a. 
great  consumption  of  the  valuable  reagent  (Ag^O^is  used  in  equimolecular  amount  with  benzoic  add  and  iodine). 

Recently  a  method  of  direct  iodination  in  the  presence  of  fuming  oittic  acid  enteted  laboratory  practice 
[1]  foe  the  iropaiation  of  iodobeozene.  In  the  author's  laboratory  fuming  nitnc  acid  was  replaced  by  the  iKnal 
nitrating  mixture  prepared  from  nitric  acid  of  density  1.38-1.40.  This  method  gave  the  same  yield  of 
some  changes  in  the  conditions  of  conducting  the  expetiroents. 

It  was  decided  to  apply  an  analogous  method  for  the  iodinatioR  of  benzoic  acid.  A  large  luirober  of  experi¬ 
ments  were  cooductsd  to  determinethe  aFectef  the  ratio  of  the  amounts  of  benzoic  acid,  iodine,  mifunV,  and  nitric 
acids,  the  order  of  addition  of  the  reagents,  temperature,  and  reactior.  time.  It  was  found  that  the  addition  of  acetic 
acid  as  a  solvent  had  a  very  beneficial  effect,  wherein  it  was  found  that  80^  acelc  acid  was  well  as  aiacial  could 
be  used.  The  strong  initial  sublimatioa  of  iodine  was  very  bothersome  and  led  to  a  decreased  yield  and  the  soiling 
of  the  apparatus.  A  b*!ttei  medium  for  coping  with  the  sublimation  w?s  found  to  be  the  addition  of  carben  tetra¬ 
chloride.  The  vapors  of  the  latter  were  condensed  in  the  colder  parts  of  the  apparatus  and  the  flowing  CCI4  returned 
the  iodine  to  the  reaction  roinure.  An  Inexpensive  aixl  simple  method  for  the  isolation  and  purificatioa  of  the 
product  was  also  developed.  As  a  result,  constant  yields  of  755o  meta-^iodobenzoic  acid  were  achieved  in  the  best 
experiments.  The  melting  point  and  the  results  of  the  determination  of  the  halogen,  according  to  Stepanov,  proved 
the  purity  of  the  acid.  A  qualitative  test  for  nitrogen  gave  a  negative  result. 

The  same  reaction  was  studied  with  benzaldehyde  became  of  interest  In  the  oxidizing  action  of  nitric  acid. 
Ihe  iodiratioa  of  the  aldehyde  under  the  same  conditions  as  were  used  with  benzoic  acid  led  only  to  the  preparation 
of  roerriodobenzoLc  acid,  but  with  a  lower  yield.  Therefore,  in  addition  to  the  lodinatian  of  the  benzene  ring,  the 
oxidatioa  of  the  aldehyde  group  to  The  carboxyl  occurred.  Since  the  greatest  oxidative  properties  are  possessed  not 
by  nitric  acid,  but  by  the  nitious  acid  and  nitrous  cxlde  formed  from  It,  the  iodination  of  benzaldehyde  was  conducted 
vath  the  addition  of  urea.  Metriodobenzaldehyde  was  obtained  in  yield  np  to  205g. which  cannot  be  consideied  the 
maximum  since  the  effect  of  various  conditioos  on  this  process  has  not  been  sufficiently  determlited. 

EXPERIMENTAL 

Iodination  of  benzoic  acid.  The  benzoic  acid,  iodine,  mlvci'ts,  <nd  in  ceirtain  expctiircnis,  sulfuric  acid 
were  mixed  In  a  200  ml  threeTiecked  flask  with  fittings  fm  a  condenser,  dropjang  funnel,  und  stiircr  with  a  seal. 

The  mixture  was  heated  to  the  desired  temperature  on  a  sulfuric  acid  bath  (with  fi^ermoregclitor).  The  niclc  acid 
or  a  mixture  with  sulfuric  acid  was  thee  added  gradually  with  stirring.  The  heating  was  continued  after  the  additiow 
of  the  HNO^.  Crystals  of  iodobeozoic  acid  giadually  formed  in  the  homogenous  liquid,  nitrous  oxide  was  evolved, 
and  the  liquid  became  lighter.  The  iodine  subliming  during  the  experiment  wax  washed  down  wtth  the  carbem 
tetrachlodde  the  reaction  mixture.  The  mixture  was  sDired  from  time  to  time. 

At  the  end  of  the  experiment,  die  mixture  wax  tiATsferred  Into  «  beaker,  and  the  precipitate  was  washed 
into  It  wtth  distilled  water.  More  water  was  added  to  the  beaket.  a-id  some  more  crystals  jxecipttatod.  The  crystals 
were  then  separated  by  filiiation  and  washed,  first  with  cold  water,  and  then  with  bot.  A  mixture,  evidently,  of 
unreacted  benzoic  acid  and  lodobenzoic  acid  precipitated  In  the  filtration  flask.  After  washing,  the  oioduct  was 
tecrynallized  from  aqueous  alcohol  (505b)  2  or  3  times,  Meta  iodoberaoi*,  acid  with  m.p.  iFo-lS?*"  was  obtained. 

Found  (according  “o  Stepanov)  5ki  I  50.6,  50.B.  Cal»;ulated  i  5i.1T. 

The  results  of  the  experiments  are  gives  la  the  Table. 
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Effect  of  Ccndiiions  on  the  Yield  of  KletrlodobenMic  Acid 


Amount  in 

moles 

Amcufi  tin  ml> 

Tempera 

turc 

n 

i— 4 

Tiroe  ! 

fin  hours)  ’ 

neld  (in  ^ 
of  the  tiieoreiical) 

CrhUCOO” 

I, 

HNO. 

C 

CClx 

0.15 

0.C75 

0.6 

0.6 

5^ ' 

125* 

1 

i 

4 

f 

35.1 

0.15 

0.075 

0.3 

0.3 

50 

— 

125 

1 

4 

i 

1 

48.0 

0.15 

0.075 

0.15 

0.15 

50 

•  { 

1 

125 

1 

4 

50.0 

0.15  10.075*' 

0.9 

0.9 

SO 

125 

1 

4 

! 

0 

0.05 

0.025 

0.075 

0.075 

15 

4 

85 

) 

7 

4 

58.2 

0.05 

0.025 

0.0625 

0.0S76 

15 

4 

85 

7 

1 

66.3 

0.05 

0.025 

0.05 

0.1 

15 

4 

85 

i 

7 

4 

i 

74.0 

0.05 

0.025 

0.C375 

0.1125 

15 

4 

85 

7 

4 

1 

69.2 

0.05 

0.025 

0.025 

0.125 

15 

4 

85 

7 

63.6 

0.05 

0.025 

0.025 

0.1 

15 

4 

85 

5 

43.3 

0.05 

0.025 

0.0375 

0.1 

15 

85 

6 

i 

5U 

0.05 

0.025 

0.05 

0.1 

15 

4 

85 

5 

i 

66.0 

0.05 

0.025 

0.1 

0.1 

15 

85 

5 

t 

67.6 

0.05 

0.025 

0.15 

0.1 

15 

85 

5 

f 

68.2 

0.05 

0.025 

0.05 

0.05 

15 

4 

85 

5 

i 

14.0 

0.05 

0.025 

0.05 

0.075 

15 

85 

6 

I 

! 

42.6 

0.05 

0.025 

0.05 

0.1 

15 

4 

85 

5 

65.0 

0.05 

0.025 

0.05 

•  0.125 

15 

4 

85 

6 

60.1 

0.05 

0.025 

0.05 

0.15 

15 

* 

85 

5 

86.8 

0.05 

C.025 

0.075 

i  0.075 

15 

4 

75 

4 

38.6 

0.05 

0.025 

0.075 

0.075 

IS 

85 

'  4 

86.2 

0.05 

0.025 

0.075 

0.075 

15 

4 

100 

4 

46.0 

0.05 

0.025 

0.075 

0.075 

15 

4  . 

125 

4 

24.5 

C.05 

0.025 

0.05 

0.1 

15 

!  * 

85 

2 

36.1 

0.05 

0.025 

0.05 

0.1 

15 

■  4 

85 

3 

68.6 

0.05 

0.025 

0.05 

0.1 

15 

;  * 

85 

4 

63.0 

0.05 

0.025 

0.05 

0.1 

15 

j 

85 

5 

66.0 

0.05 

0.025 

0.05 

0.1 

15 

!  4 

85 

6 

69.4 

C.05 

0.025 

0.05 

0.1 

15 

86 

7 

74.0 

0.05 

0.025 

0.06 

.  0.1 

15 

!  4 

85 

8 

71.6 

0.5 

0.25 

0.562 

!  1 

1 

150 

1« 

« 

7 

75.3 

lodinatior  of  benzaldehyde.  10.1  ml  of  12.69  g  of  iodine,  20.67  ml  of  HN(\,  and  16.7i  H(SC\ 

were  used.  Terrpetarure.  85*.  experiment  time  6  houn.  Without  acedc  acid  and  urea,  only  benzac  acid  was 
isolated;  with  30  ml  of  glacial  CH|COOH.  51.3^  of  meta-lodobenzoic  acid  were  obtained.  4.6  g  <20^)  of  rneta- 
iodobenzaldehyde  with  m.p.  58*  was  obtained  in  an  expeiiment  with  30  ml  of  CH|CCX)H  and  8  g  urea.  The 
phenylhydrazaoe  obtained  from  the  aldehyde  had  an  m.p.  156*. 


SUMMARY 


1.  A  method  for  the  synthesis  of  meta-lodobenzoic  acid  by  the  acuon  iodine  on  benznc  acid  in  Ae 
presence  of  a  nitric  sulfunc  nitraang  mixture  was  developed.  A  stable  yield  of  not  less  than  75^  of  the  theore¬ 
tical  was  obtained.  The  given  method  is  simpler  and  less  expensive  than  the  methods  for  the  preparation  of  roeta- 
lodobenzou  acid  reported  in  the  literature. 

2.  The  suggested  method  is  also  apphcable  for  the  pteparation  of  meta>ladobenzaldehyde.  It  is  only 
necessary  to  add  urea,  without  which  the  oxidation  of  the  aldehyde  group  to  the  carboxyl  occurs. 
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CATALYTIC  ALKYLATION  OF  ANILINE  WITH  ETHYL  ALCOHOL 
M.  B.  Turova-Polyak,  N. V.  Boxnnova.  aad  E.  S.  Semenova 

The  preparation  of  alkyl  and  dialky lani lines  in  the  presence  of  aluminum  oxide,  thodum  oxide,  promoted 
ahimimnu  oxide,  ^and  other  oxide  catalysts  has  been  studied byasenes  of  investigatois  [11  The  properties  ol 
natural  aluminum  silicate,  bentonite  was  studied  by  one  of  the  authors.  It  was  shown  that  this  clay,  the  main  part 
of  which  is  mcntmoiilloaite  AI|P|  * 4SIC^  * nl^O.  was  a  caulyst  for  the  dehydration  of  alcohols  PI 
aad  for  the  simultaneous  dehydration  of  alcohols  and  acid  anhydrides  [31  Because  of  thu  fact  it  seemed  of 
Interest  to  determine  whether  it  was  possible  to  apply  bentonite  as  a  catalyst  for  the  sironltaoeous  dehydratiOD 
of  alcohols  and  aniline  in  order  to  obtain  alky  lani  lines.  U  was  shown  that,  at  350*.  a  molar  ratio  of  aniline 
to  ethyl  alcohol  of  1:2,  and  a  volume  velocity  of  0.15,  a  yield  of  ethyl  aniline  up  to  87-89*3^01  the  aniline  reacted 
was  obtained. 

In  addition,  for  the  preparation  of  esters,  activated  carbon,  soaked  with  phosphodc  acid,  conditioaally 
called  "solid  phosphoric  acid*  later  [4]  was  used.  It  was  shown  that  in  the  presence  of  this  catalyst.  yields 
of  propyl  and  butyl  acetates  and  butyrates  are  obtained  by  the  mutual  dehydration  of  alcohols  and  adds  in  the 
vapor  phase  This  made  it  possible  to  suppose  that  "solid  phosphoric  acid"  could  be  used  as  dehydradoB  catalyst 
for  the  reacdoc  of  aniline  with  alcohoL 

In  the  present  investigation  it  was  shown  that  the  alkylation  of  aniline  with  alcohol  conid  be  accomplisbed 
in  the  presence  of  "solid  phosphoric  acid"  with  the  predomiiumt  formation  of  ethy  lani  line.  The  yield  of  e  thy  lani  line 
at  275*  volume  velocity  0.3,  and  a  molar  ratio  of  aniline  to  alcohol  of  1:2  to  1:5  was  59-62^  of  the  aniline 
teacted. 

EXPERIMENTAL 

Experiments  on  the  alkylation  of  aniline  wae  coeducied  in  a  general  apparatus  for  effecdirg  reactxoos  in 
the  vapor  phase  by  the  flow  method.  The  reaction  mixture  was  prepared  from  freshly  distilled,  initially  well 
dded  aniline  and  ethyl  alcdiol.  At  the  eiid  of  the  experiment  (for  a  better  separation  of  the  catalyzate)  a' stream 
of  nitrogen  was  passed  for  30-40  minutes.  The  catalyzate  obtained  consisted  of  two  layers:  an  aqueous  alcohol 
layer  and  an  amine  layer.  The  latter  was  thoroughly  dried  met  fused  potassium  hydroxide  and  dualled.  The 
fracnon  boiling  up  to  16C*was  dixarded  (unreacted  alcohol  and  uaces  of  aniline).  The  fraction.  leo^SSS*.  was 
Subjected  to  further  invesdgatioa,  and  consisted  of  unreacted  aniline,  ethylaniline,  and  dlethylamhne. 

The  freshly  distilled  reaction  product  was  analyzed  by  a  method  developed  for  the  detetininazlon  of 
pnmary  amines  in  mixtures  of  amines  [5]. 

The  temperature,  the  ratio  of  coroponenu,  and  the  rate  of  pasuge  of  the  reaction  mixture  were  varied  in 
cadet  to  fi.nd  the  optimum  conditions  for  the  formation  of  ethylaniline  over  bentonite  and  "solid  pboispboac  acid". 

Alkylation  of  Aniline  in  the  Presence  of  Bentonite. 

Commercial  bentonite  activated  with  sulfuilc  acid  and  preheated  in  a  catalytic  furnace  to  400-430*  was 
used  for  the  reactioa. 

The  effect  of  the  temperature  and  the  ratio  of  the  reaction  components  on  the  yield  of  ethylanlhne. 

A  mixture  of  aiti.line  and  ethyl  alcohol  in  molar  latios  of  IjL  If  1.5.  1^2,  and  l:2Awas  used.  The  reacaou 
mixture  was  passM  over  the  catalyst  at  a  constant  velocity  of  0  15  at  temperatures  of  350-450.  At  tempesa'- 
tures  below  350*  the  alkylatioa  reactioa  of  aniline  proceeded  with  small  yields. 

Iron)  die  dau  given  in  Table  L  It  follows  that  the  largest  yield  of  ethyl  aniline  occurs  at  350* and  xatios 
of  aniline  to  alcohol  of  1:1.5. 1:2.  A  further  increase  of  the  umperature  and  the  concentration  o#  the  alcohol 
causes  a  gradual  decrease  in  the  yield  of  the  alkylaniUne.  The  catalyzate  obtainol  distilled  almost  completely 
at  180-212".  and  only  a  small  amount  distilled  at  a  higher  temperature  (to  235^.  1  nls  indicated  xiai  the 
alkylation  product  of  aniline  was  ethylaniline. with  s  very  small  impunty  of  diethylanHine. 
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Perceat  aniline 
can^fortned 


TABLE  1 


Experiment  ' 
temperature 
fin  *0 

1  Pexent  of  aniline  transformed  at 

i  ratios  of  aniUce  to  alcohol  of 

1:1 

1:1.5 

1:2  1 

1=2-5  — 

350 

1 

80.7 

! 

86.5  1 

1 

87.2 

1 

1  81.2 

375 

77.5 

79.5  i 

80.4  ; 

1  77.9 

400 

73.2 

73.7  1 

74.3 

74.0  . 

425 

67.8 

7i.O  1 

T2J2. 

69.9 

450 

64.1 

66.3  j 

70.5 

67.5 

TABLE  2 


Expcnireni  1  Volume 
lempera-  1  velocity 


tureftn  T) 

350 

350 

350 


0.07  83.6 

0.15  I  87.2 
0.30  j  27.0 


TABLE  3  TABLE  4 

Compost  doc  of  the  catalyzate  (In 


Experiment  temperature 

200* 

1250'*  !  275*  1 

J  300" 

|350* 

400* 

Experiment  terrperarure  j 

i  250  ' 

275*  i  300* 

Percent  of  aniline  trans- 

1  1 
1  1 

1  ! 

i  j 

i 

Atdline  j 

|46.4 

41.4  j  48.0 

farmed  at  a  lado  of  re- 

23.6  j 

1  1 

i  1 

1 

1  < 

Ethylaniline 

47.8 

54.4  !  48.7 

1 

acung  substances  of  1: 1 

137.7  . 

!49.5  1 

i37.7  I 

1  30.0  i 

1  16.0 

Diethylamkne 

5.8 

4.2  3.3 

Percent  of  aniline  tcans- 

I 

1  1 

1 

formed  at  a  ratio  of  re- 

j 

!  1 

acting  subsuQces 

1 

26.7 1 

of  1:1.5 

38.6 

53.6 

58.6  1 

1 

52.0  1 

1 

21.0 

Effec  t  of  the  rate  of  the  passage  of  the  reaction  irlxti're  on  the  yield  of  ethylanlline.  The  follot»lng  ex- 
periinenis  were  conducted  as  the  above,  at  the  passage  of  the  mixture  of  aniline  -alcoliol  with  a  volume  velocity 
of  0.15.  In  order  todeteimine  the  effect  of  the  velocity  of  passage  of  the  mixture  on  the  yield  of  ethylaniUae, 
the  volume  velocity  was  decreased  to  0.07,  and  then  increased  to  0.30. 


The  tesults  of  the  expeiiments  are  given  in  Table  2.from  tvhich  it  follows  that  the  increase  of  the  volume 
velocity  from  C.07  to  0.15  has  bttls  effect  on  the  yiek)  of  the  ethylatiiline  upon  alkylaaon  of  aniline  over  bentonite. 
Further  increase  of  the  velocity  of  passage  of  the  rsacdoc  mixture  to  0.30  causes  a  sharp  decrease  in  the  yield  of 
ethylanlline. 

Alkylation  of  Anllme  in  the  Presence  ot  *Solid  f^osphorlc  Acid* 

The  caulyst  used  f(»  this  irtvestigauon  was  prepared  by  a  method  which  was  reported  for  the  preparauoo 
of  esters  [4]. 

Effect  of  temperature  on  the  yield  of  ethylanlline.  Two  senes  of  experiments  were  set  up:  the  first  with 
a  molar  ratio  of  aniline  to  alcohol  of  1: 1,  and  the  second  with  a  ratio,  1;  L5. 

The  expeiintens  were  conducted  at  temperatures  of  200-400*  and  volume  velocity  of  passing  the  reacaoa 
mixture  of  O.L  The  resula  of  these  experiments  are  given  In  Table  3. 

D1  ethylanlline,  as  well  as  aniline;  was  determined  in  the  catalyzates  obtained  fiom  experiments  conducted 
at  250,  275,  and  300*(Table  4). 

Cta  the  basis  of  these  expeiiments  it  can  be  concluded  that: 


1)  the  optimum  temperature  for  the  ethylanon  of  amline  under  these  experimental  condiaoiu  is  275* 
(Table  3);  the  decrease  in  the  yield  of  ethylaniline  with  the  further  increase  of  the  temperature  was  explained  by 
the  strong  decompofition  of  the  alcohol  which  was  proved  by  special  expenmenu: 

2)  ethylation  reacdoc  of  aniline  over  the  given  catalyst  proceeds  mainly  in  the  direction  of  the  forma¬ 
tion  of  ethylaniline,  dlethylaniline  was  obtained  in  small  quanddes,  and  its  yield  decreased  widi  decreasing 
temperatures  (Table  4). 


TABLE  5 


TABLE  6 


Volume  velodty  of 
the  passage  of  the  re* 

m 

■ 

■ 

■ 

Molar  ratio  of 
aniline;  alcohol 

j  1:1 

m 

1  1 
1:2 

m 

m 

1:6 

action  mixture 

1 

'  1 

1 

! 

Yield  of  crude 

i 

1 

Percent  of  aniline 

h  '■  ’ 

i 

caulyzatefin^c) 

82-5 

80-0 

8C.0 

!  75.0 

1 

68.9 

60.7 

transfer  med 

58.6 

65.15 

54.6 

1  53.2 

1 

Amount  cthyl- 
amline  in  the 
caialyzate(in  ^) 

55-2 

65-2 

73.5 

82-0 

1 - 

j 

90.2 

94.8 

Yield  ethylani-  j 
line  on  the  ani* 
line  reacted 
(in  % 

i 

j45.5 

52.0 

1 

59.0 

1 

j  61.5 

1 

•  €2.0 

57.5 

Effect  of  the  velocity  of  passage  of  the  reaciloa  trixmre  on  the  yield  of  ethylanihne.  Tbc  expezizDents  were 
c(xiducted  at  the  opdmum  teniperature  of  275*  and  at  a  raao  of  the  components  of  1: 1.5;  the  volume  velocity  of 
the  passage  of  the  reaction  mixture  was  vailed  from  0.1  to  LO. 

From  the  results  given  in  Table  5,  it  follows  that  increasing  the  velocity  of  passage  of  the  reacdon  mixture 
does  not  sharply  affect  the  yield  of  ethylaniline;  however,  the  best  yield  occurs  at  the  passage  of  fise  mixicre  of 
aniline-alcohol  with  a  volume  velocity  of  0.3. 

Effect  of  the  ctuandutlve  ratio  of  the  reacting  con;ponents  on  the  yield  of  ethylaniline.  In  order  to  determine 
this  effect,  a  series  of  experiments  was  set  up  with  various  mixmres  in  which  the  molar  ratio  of  the  aid  line  and  die 
alcohol  was  varied  from  1:1  to  1:6.  All  of  the  experimenuin  this  series  were  conducted  at  275* and  a  volume 
velocity  of  the  passage  of  the  mixture  of  0.3.  The  results  axe  given  in  Table  6. 

From  the  results  given  in  Table  6  it  lollows  that  tbc  yield  of  ethylaniline  in  the  caulyzatels  when 

there  was  a  large  excess  of  alcohol  to  the  aniline  (1:6),  but  a  condderable  part  of  the  alcohol  was  decomposed  to 
ethylene, which  did  not  react:  the  yield  of  tbc  catalyzate  was  only  60^  under  these  conditions.  Foe  this  reason 
the  most  satisfactory  mixture  of  aniline  and  alcohol  to  use  was  a  rauc  of  1:2.  with  which  the  yield  of  the  anilin- 
in  the  catalyzate  was  somewhat  lower.  73.5^  but.  based  on  the  aniline  reacted  was  almost  always  cccsiaa:  at  STLS- 
59^. 

On  the  basis  o'  the  experiments  conducted  it  can  be  considered  completely  established  that  “solid  phosphoric 
add*  can  be  used  satisfactorily  for  the  alkylation  reacnon  of  aniline  with  ethyl  alcohol. 

SUMMARY 

1  The  catalysts  employed  In  this  investigation,  bentonite  and  *solid  pbosphcrlc  acid", caused  mutual 
dehydration  in  the  system  aniline-alcohol.  EthyJamline  is  mainly  farmed  as  a  result  of  this  dehydrarioa:  cietbylamhne 
Is  only  formed  in  small  amounu. 

2.  The  optimum  conditions  for  the  preparation  of  ethylaniline  over  bentonite  am  360*.  arano  of  aslline 
to  alcohol  of  1:2.  and  a  volume  velocity  of  passing  the  reacuoo  roixtum  of  0.15.  Under  these  condinocs.  the 
yield  of  ethylaniline  is  of  the  aniline  reacted. 

3.  The  optimum  conditions  fix  the  preparauon  of  ethylaniline  over  "^olid  phosphoric  add*  are:  275*. 
ratio  of  aniline  to  alcohol  of  1:2.  ana  a  volume  velocity  of  passage  of  the  reaction  mixture  of  0.3.  Under  these 
conditions,  the  yield  of  ethylaniline  was  5G^  of  the  aniline  reacted. 
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INTRODUCTION  OF  A  CARBOXYL  GROUP  INTO  AROMATIC  AMINES 


A.  I.  Kizbei  and  A.  S.  Glagoleva 

Oqc  of  the  authors  showed  that,  by  heatiag  aromatic  amines  with  carbon  dioxide  aod  alkali  metal 
carbonates.os  certain  chlorides,  the  formation  of  very  small  amounts  of  amino  carboxylic  acids  occurred. 

Thus  if  aniline  was  heated  at  170-180*  under  CQ^  pressure  in  the  presence  of  K^CO^  Na|CO^  or  CaClt,  o-and 
p  aminobenzoic  acids  could  be  isolated. 

Upon  further  invest! gati or,  it  was  found  that  the  amino  carboxylic  acids  were  obtained  with  relatively 
better  results  if  N-acyl  deavatives  were  used  instead  of  the  free  aiomaoc  amines  [1,2].  The  latter  were  heated 
with  KjCOj  under  CC^  pressure  to  185-260*.  The  maximum  yield  achieved  was  ES'Jiof  theory  based  on  the 
amine  used,  and  about  80*^  based  on  the  amine  recovered,  cr  and  p-aminobenzotc  acids  were  obtaiued  from 
acetanilide,  diphcnylurea  (symm.),  benzanilide,  and  phenyl  isocynate;  from  acttT>*toluidine,  3-inethyl-6-amfno- 
benzoic  acidj  from  3,3'  dimcthyldiphenylurea,  4-methyJ-6-aminobenzoic  acid;  from  3.3*-dichlorodiphcnylurea, 
4<hloro-6-aininobcnzoic  acid;  from  acet-l-naphthylaraine,  1.2- and  1.4-naphthylamine  carboxylic  acid. 

o-Amlnocarboxylic  acids  were  obtained  at  the  end  of  the  reacuon  to  a  great  extent  In  the  form  of 
derivatives  of  2,4'<lioxotetrahydioqulnazoline. 


NH  — ^ 

!  c — i- 


NH— C 


H,  H,C 


u 

NH*-C 

I  I 

C - N- 


'>~NH— c! 


C — N 


The  latter  are  cleaved  Into  the  corresponding  o-aminocarboxylic  acids  and  amines  by  beating  foe 
several  hours  with  5-10^  solutioas  of  alkalies. 

O 

i!  ^1% 


The  formaiiaa  of  derivatives  of  2.4-^lloxotctrahydroquinazoline  during  the  process  of  beating  N-^cylamines 
with  K/O),  under  CO,  pressure  only  became  comprehensible  when  it  was  found  that  these  compounds  can  be 
obtained  by  heating  salts  of  o-aminocarbcxylic  acids  under  CO,  pressure.  Thus  (I)  was  obtained  from 
potassium  anihramlaie,  and  (III),  from  potassium  p-tolu*dine-o-carboxylatc. 

Since  a  partial  decarboxylanon  always  occurs  during  the  heating  of  salts  of  o-urrJnocarboxylic  acids, 
atMi  amines  are  formed,  the  conversion  of  o-aminocarboxylic  acids  into  detivauves  of2,t-dioxo.etrahv'drociuin  z 
oline  can  be  represented  by  a  scheme  which  is  the  reverse  of  scheme  (A). 
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If  ihi.  Kheme  is  cai«t.  the  fotmiiiai  of  various  2.^^ioxotettah>-<ito,uinazoUnes  could  be  :  uected 
upon  heating  sal  u  of  o-?minocarboxylic  acid  with  various  amin^: 

ActuaUy.  heatins.  for  example,  poussium  airih.-aiiilate  under  CQi  pressure  wtih  m-toluidine.  prioMdine. 
and  m-chloroaniiine  resulted  in  the  following,  respectively; 


'  ^NH- 

o 

-c 

P 

c 

O 

N  -1  CH, 

— 

u 

N~ 

y-C  -N 

V'"  it 

O 

O 

'.1 

6 

-CH, 

(VI) 

(VII) 

(VIII) 

Several  compounds  of  this  type  are  reponed  in  the  literature,  they  are  obtained  by  the  condensaotni 
of  o-amlnocarbcxylic  acids  with  amines  vrhich  contain  a  carbonyl  g'oup  on  the  nitrogen.  Derivatives  of  urea 
and  the  corresponding  isocyanates  [3]  are  equivalent  to  such  amines. 

The  preparatioo  of  derivatives  of  2.4-dioxteirahydroqulna3oUiie  from  salts  of  o-aminocarboxylic  acids 
under  CO^  pressure  appeared  possible  by  the  aid  of  one  of  the  following  schemes. 


ccser 


C-NH-Ri 

.! 

O 


O 

ii 

NH-C 


C - N— R* 

^  V 


(C)  Rn^  Rj-NHCdSc 

coo 


NH|  _ 

/  Rt~NHCOO 


\  o 

II 

NH-C~NH-R| 

< 


ccC 

(IX) 


A  test  of  scheme  (B)  gave  negative  results.  The  formation  of  quinazoline  deavatives  did  not  occur  when 
the  anilide  of  anthranihc  acid  was  heated  under  CC^  pressure. 

The  isolation  of  product  (IX)  would  have  been  a  direct  proof  for  scheme  (C).  Attempts  to  isolate  (IX) 
however,  as  It  could  be  expected,  were  unsuccessful.  It  is  known  that  anihranilides  of  aryl  amino*N'caibaroic 
adds  are  transformed  at  100>120* Into  den va lives  of  3-phenyl-2,4^oxoteaahydroquinazollne.  whereas  the 
synthesis  reptxted  was  conducted  at  above  200*:  under  these  conditions  the  presence  of  a  nonceable  amount 
of  (IX)  can  scarcely  be  expected. 

An  indirect  proof  of  the  correemess  of  scheme  (C)  is  the  faination  of  salts  of  aryl-N-carbamlc  acids 
during  tlie  process  of  the  above  reported  transfermanon  Thus. after  heanng  poussium  anthranilate  In  a 
sealed  tube  to  220-230*.  potassium  pbenyl^-carbamate  was  found  p-Toluidine.  when  treated  in  a  sealed  tube 
with  calcium  anthranilate,  gives  rise  to  4.4'-dimeihylphenylurca.  The  obtaining  of  the  latter  is  difficult  to  ex¬ 
plain  without  assuming  that  the  formation  of  p-tolyl-N-carbamic  acid  occurred  initially. 
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Salu  of  «iyl-N-carbamlc  acid  were  also  found  during  ihe  process  of  preparing  amlnocarboxylic  acids 
by  heating  N-acylarylamlne$  under  carbon  dioxide  iwessure.  If  the  given  process  is  conducted  at  temperatures 
somewhat  lower  than  necessary  for  the  formation  of  amlnocarboxylic  acids,  then  the  yield  of  salu  of  aryl-N- 
carbamic  acids  attains  a  value  of  8(>5»  of  theory  in  a  series  of  cases.  It  mast  be  mentioned  that  potassium 
salts  of  aryl-N-carbamlc  acids  are  obtained  by  beating  N-«cylarylamines  with  K-  CQi  under  conditions  of  nocroal 
pressure. 

Poussium  salts  of  acyl  N-carbamic  acids  form  aminocarboxylic  acids  above  ISOVhen  the  corresponding 
C(^  pressure  is  used,  when  proceeding  in  open  vessels  at  temperatures  abouve  200*.  they  decompose  widi  the 
evoludoa  of  C^,  amine,  and  evidently,  the  dl-poiassium  salt  of  aryl*N~carbaniic  adds. 

It  is  completely  apparent  that,  in  the  synthesis  of  aminocarboxylic  acids  from  N-scylarylamincs.  salts 
of  aryl-N<arbamic  acids  arc  not  side  products  but  intermediates,  whose  interaction  with  COj  results  in  the 
aminocarboxylic  acids. 

EXPERIMENTAL 

Experiments  under  pressure  were  conducted  in  a  steel  400  ml  autoclave  equipped  with  an  anchor 
stiner,  a  socket  for  a  thermometer,  a  mcxiomctcr.  needle  valve  for  releasing  pressure,  snd  tube  for  iho  intro¬ 
duction  of  CC^. 

Example  of  die  Preraration  of  3-^Phenyl-2.4-dioxotetr2hydroquinazoline  fT)  and  Amlnobenzoic  Adds. 

306  g  of  s>Tnm-diphenyluiea  and  140  g  of  KjCC^  were  heated  unda  CC^  pressure  (50-i)6  atm)  for  5  hours  at 
250-255*.  The  reaction  products  were  mixed  vilth  350  ml  of  water,  and  the  insoluble  part  filtered.  10.5-11  g 
of  p-aminobcnzoic  acid  with  traces  of  anthranillc  add  were  obtained  by  acidifying  the  filtrate  to  pH  6-6.5. 

By  recryrtallization  from  water.  7:7-7. 8  g  of  p-aminobenzoic  add  with  m.p.  184-185*  was  obtained.  The 
water- insoluble  product, which  was  Impure  (I),  was  heated  for  3  hours  with  lO^o  KOH,  filtered,  and  addified 
to  pH  5.5-6;  6.5-7  g  of  anthranilic  acid  with  m.p.  144-145*  was  obtained.  A  mixed  sample  with  pure  anthran- 
Ihc  acid  melted  at  144-145*.  6-7  g  of  the  copper  anihranilate  was  precipitated  from  filtrates  with  copper  sul¬ 
fate,  which  was  treated  with  20  ml  of  2-3‘9>  sodium  hydroxide,  filtered,  and  an  additional  amount  of 
anthradlic  add  with  m.p.  144.5-145*  was  isolated. 

In  order  to  bbtaine  pure  (I),  me  Impure  product  was  treated  wlthdii  me  hydrochloric  add,  filtered,  and 
ilw  residue  washed  with  water  until  neutral.  10.5  g  of  a  substance  with  m.p.  273-274*  was  obtained;  plateleu 
with  m.p.  276-277* (276-277*  [41)  fiom  glacial  acetic  add. 


3.842  mgsubstance:  9  970  mgCO^:  1.424  mg  1^0.  3.X32  mgsubsiance:  8.149  mg  CC^;  1.206  mg  i%0. 
3.666  mg  substance:  0.390  ml  Nj  (729  mm.  23.8^.  2.764  mg  substance:  0.25X)  ml  N>  (739  mm,  18  0^. 
Found  •%:  C  70.82,  71.00;  H  4.15,  4.31;  N  11.72,  11.96.  CuHnO^N,.  Calculated  C  70.89;  H  4.20;  ? 


N.11.76. 

The  product  is  soluble  in  strong  alkali  with  blue  fluorescence,  and  upon  healing  of  its-alkaline  solutions 
splits  into  anthranilic  acid  and  aniline. 

3-(3'-Methylphenyl)-2.4-dioxo-7-i.tc:hyHeifahydroquinazoline. (11)  and  2-Ainino-4-nieiliy>L»ciizoic  acid. 

150  g  of  3.3'-dimethyldiphenyIi:rea  and  100  g  of  K^Oj  were  heated  for  6  hours  under  COj  pressure  (38-40  atm)  at 
220-230*.  The  reaction  products  were  mixed  with  250  ml  of  water,  left  to  sciile,  ^nd  the  oily  layer  separated. 

The  latter  was  shaken  for  10  minutes  with '200  ml  of  4^^  KOH  (35-40*).  kit  to  scnle,  ar^  the  brown  aqueous 
layer  scpataied.  20  g  of  (11)  precipitated  on  aciiiification.  Platelets  with  m.p.  204-29.  from  glaci-il  acid. 

C.204  ing  substance;  16.4lGmgCO^.  3.08C  mg  H,0.  6.0-12  mf.  substance.  15.728  nr.  CC^.  2  624  mg 
3.900  mg  substance:  0  380  ml  N,  (729  mm.  2  :.  **)  2.0  0  mg  siintancc  C.2.'l- ml  N,  (yi.7 
mm.  20*).  Found  ‘T-  C  'r2.20,  '.2.2.1.  H  3.55  N  lO.ri.  10,34  Caclculaied 


C  72.11;  H'5  2G;  N  10.52 


1.5  g  of  the  product  was  Iieated  for  3  hours  with  70  ml  of  KOH  On  cooling.  H  flittered  from 
-a  small  precipitate.  The  filtrate  was  extracted  several  umes  with  ether  The  aqueOus  residue  of  the  cxaact- 
tion  was  adjusted  to  pH  C-t;.5  with  hydrochloric  acid  About  O.  i.j  c  of  2-amino  4-meUivlbcn2ac  aci  wit 
m.p.  l'/5-l77* deposited;  platelets  with  m  p.  nc-177*(  15,7*  [5])  from  aqueous  alcoliul.  A  mixed  sauipic  with 
pure  2-amino-l-incthylbcnzoic  acid  melted  at  176-177*. 
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■■^V4«Af.ThvlPh^T:vTV2.4Kiioxo-6-n-erh/ylte:tahvdroquina^  flH)  ar.d  p.^n:xr.o-3-n:ethy1ben20ic^^. 

100  6  of 'acet-tKolaidine^d  100  g  of  K,CO-  were  beared  for  8  hours  »i  255-260>  under  CO,  pressure.  The  leactioa 
products  were  boOed  for  3  hou3  with  300  rol  of  5*^  KOH.  They  were  filtered  *rKl  11-11.5  g  of  6-amino-3-fnethyl 
benzoic  acid  v«  precipitated  by  acidification;  platelets  with  m.p.  172.173- (172.5  [6])  from  50^  alcohoL 


3.004  ITS  substa.nce:  6.9T0  mg  CO,;  1.6C3  mg  3.904  mg  substance:  9.084  mg  CO,;  2.170  mg  iifi. 
4.945  mg  substance:  0.419  ml  (728  mm.  21-).  3.319  mg  substance:  0.280  ml  N,  (727  mm.  22*). 

Fouad  C  63.32.  63.64;  H  5.99.  6.22;  N  9-42.  9.33.  C,Kp,N.  Calculated  •fo:  C  63.6;  H  5.96:  N  9.3. 

By  diazotization  and  boiling  of  the  hydrochlnnr  acid  solution.  6-hydroxy-3-methylben20ic  acid  with  ro.p. 
149-150*  (149-150*  [7D  was  obtained. 

If  the  reaction  mixture  was  acidified  with  ir.titorhloiic  acid  after  autoclaving,  to  a  strong  acid  reaction  lo 
Congo,  about  5  g  of  3'^4*-fnethy'lphet.>l)-2,4-dioi.o-oHreiiivltetrah»dro<iuinaz«line  (HI)  was  obtained;  crystals 
with  m.p.  285-286*  &oro  SO^b  acetic  acid. 

3.312  mg  substance:  8.767  mg  CO,;  1.492  mg  :*V5.  3.702  mg  substa.ncc:  9.784  mg  CO,:  1.736  mg  H,0. 
5.862  mg  substance:  0.52S  ml  N,  (744  mm.  24*).  3.357  mg  substance:  0.310  ml  N,  (744  mm,  23*). 

Fouix!  ‘5c;  C  72J.9.  72.08:  H  5.04.  5.25;  N  l^.i4.  10.42  M  283.  Cah'ulated  ‘fe  C  72.14;  H  5.26; 

N  1C.52:  M  266. 


The  product  was  soluble  in  alkali  witi'  a  blue  Cuu.esr  ericc ;  it  was  cleaved  to  6-aminO“3-methylbenzoic 
acid,  p<cluidine,  arni  small  amounts  of  tlie  alicalimin.cbie  p-<oluidide  of  6*airino-3*frethYlbenzoic  acid  by  a 
2-hour  boiling  with  li>5b  KOH.  The  last  product  was  recrystaliized  from  dilute  acetic  acid  and  melted  at 
1S2*:  it  gave  an  orarge  color  up<xi  the  addition  of  a  hycrocihJoric  acid  solution  of  nitrite  to  it;  upon  ooiling  in 
hydrochloric  acid,  it  was  cleaved  to  p-toloidire  ano  6-amino-3-methylbenzoic  acid. 


4.738  mg  substance:  0.4S3  ml  N,  (743.3  mm.  21,40.  2.685  mg  substance:  0.290  ml  N,  (741  mm,  230. 

Found  N  1L87.  11.82.  CjbH^N,.  Calculated  V  N  11,66. 

3-(S*-Chlorophenyl)-2.4-dicxo-7-chlo:otetrahvd:oqninazoline  (FV). 

140  g  of  C,3‘-dichloiodipheny!urea  a.od  90  g  of  K,CO,  were  heated  for  14  hours  under  CO,  pressure  (49-50 
atm)  to  240-245*.  The  oily  reaction  produc*  was  shaken  with  400  ml  of  water,  and  the  lower  oily  layer  was 
separated  from  the  water  in  a  separatory  funnel.  3  g  cf  (IVO  was  isolated  by  treatment  with  dilute  hydrochloilc 
acid;  platelea  with  m.p.  311-312*  from  a  mixture  of  acetic  acid  and  alcohol.  Pme  3-(3’-chlorophenyT)-2,4-di- 
oxo-7-chloiotetrahydxoqainazolirje  melted  at  312*.  A  mixed  sample  melted  at  311-312*.  The  product  was  soluble 
In  dilute  alkali  sritn  a  blue  fluorescence. 

(IV)  was  heated  for  2  hours  with  a  lO^NaOH  solution,  filtered,  arid  the  alkaline  filtrate  was  extracted  with 
ether.  The  aqueous  residue  from  the  extraciior.  was  acidified  with  hydrochloric  acid  to  a  pH  of  6.5-7.  and  ex¬ 
tracted  with  ether.  L'pon  removal  of  the  ether  a  residue  of  4-<h.toiT>anJhranllic  acid  was  obtained;  platelets  with 
ro.p.  234-235* (235-236*  [8])  from  50^  alcohol.  /.  mixed  sample  with  pure  4'chloioanthraniUc  acid  melted  at 
234-235*. 

3-(l-Naphth>i>-2.4-dloxo-7.S-benzoretrahydroGuInazoline  (V).  Maphthylamine  carboxylic  acid.  92.5  g 
of  acet-l-naphihylairi.ne  and  138  g  of  K,CO,  were  healed  under  CO,  pressure  (20-25  atm)  for  6  hours  at  185-195*. 
The  teaction  mass  was  mixed  with  350  ml  of  water  and  filtered.  About  1.4  g  of  1.4-nai4ithylaminocarboxylic 
acid  was  isolated  by  the  neutralization  of  the  filtrate;  crystals  with  ro.p.  177*  (177*  [9D  from  dilute  alcohoL 

3.160  mg  substance:  8.176  mg  CO,;  L347  mg  Hp.  2.944  mg  substance:  7.609  mg  CO,;  1.304  mg  H,0. 

3.727  mg  substance:  0.254  ml  N,  (741  mm.  25.5*).  3.681  mg  substance;  0.242  ml  N,  (742.7  rom.  24^. 

Found  C  70.57.  70.49;  H  4.70,  4.96;  N  7.59,  7.39.  CuHp,N.  Calculated  C  70.59;  H  4.81;  N  7.48. 

1.4-Hydroxynaphthoic  acid  with  m.p.  179* (183-184*  [lOj  was  obtained  by  diazoiizlng  and  boUing  of  the 
hy'drochloric  acid  solution. 


The  water-insoluble  product  w-s  boiled  for  10  t-our$  with  400  ml  of  5^  NaOH,  fllteied,  and  acidified. 
About  8  g  of  r.aphthylaroine-2-carboxyUc  acid  precipitared;  platelets  with  m.p.  203-005*  (205*  [111)  from  30% 
alcohol. 


3.440  mg  subaance:  8.858  mg  CO,:  1.490  rr^  3.120  mg  substance-  8,017  mg  CO,;  1.342  mg  Hp. 

3.673  mg  substance:  0.251  ml  N,  (728  mm.  23.6*).  4.282  mg  substance;  0.291  ml  N,  (735  mm,  2L4*). 
Found  %.  C  70.27.  70.12;  H  4.85.  4.81;  N  7.54.  7.65  CjiHjpjN.  Calculated  %:  C  70.59;  H  4.81;  N  7.48. 

l-Hydroxy-2-napirhoic  acid  with  m.p.  184-185*  (185-186*  [12]  was  obtained  by  diazotlzation  and  boUing 
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of  the  hydrochloric  acid  solution. 

A  dye  was  obtamed  by  coupling  of  the  dlazo  compound  with  2-naphthcl,  which  in  contrast  to  dyes  prepared 
from  diazo-1.4-r:a?hth>lamlne  caiboxylk  acid,  was  insoluble  in  dilute  alkalies. 

To  isolate  (V),  the  reaction  mixture,  after  autoclaving,  was  mixed  with  S^NaOH  .  and  filtered;  the 
product  precipitates  after  acidification  of  the  filtrate.  It  was  mixed  with  100  ml  of  concentrated  ammonia,  fil¬ 
tered.  and  washed  with  water  to  ncuttaliiy.  About  5  g  of  (V)  was  obtained;  needles  with  m.p.  333-334*  from  glacial 
acetic  acid. 

3.302  mg  sabftance;  9.433  mg  OOj;  1.250  mg  HjO.  3.716  mg  substance;  10.643  mg  COj;  1.432  mg  HjO. 

3.750  mg  subaance;  0.273  ml  Nj  (733.3  mm.  22*)-  3.034  mg  subaance:  0.225  ml  N*  (732.6  mm,  22.6*). 

Found  ^  C  78.12,  78.16;  H  4.24,  4.31;  N  8.12,  8.26.  CjjHiPjNj.  Calculated  %  C78.11i  H  4.14;  N  8.28. 

The  product  was  soluble  in  dilute  alkalies;  it  was  cleaved  to  l-naphthylarofrie  asvi  iiaphthylAmine-2-<arb- 
oxylic  acid  by  boiling  with  alkali. 

Experiments  on  the  mutual  beating  of  potassium  anthrarulate  and  various  arylamines.  .  120  g  of  potassium 
amhranllate  and  170  g  of  ra-chloroaniUre  was  heated  tor  6  hous  at  220-2?0“  under  CO^  pressure  (30  atm).  The 
leaction  mass  was  acidified  to  Congo  w'ith  dilute  hydrochloric  acid.*  6  g  of  3'^3'-chloiophenyl)'2,4-<iioxotetrahyd- 
roquinazolinc  (VUI)  was  obtained;  nairow  interwoven  platelets  with  m.p.  260.5-261.5*  from  50<5>  acetic  acid.  The 
product  contained  a  small  amount  of  3-phen>l-2,4-^ioxotstiahydroquinazoliTe  (I),  from  which  it  could  not  be 
separated  by  many  leciystalllzaticns. 

5.590  TVS.  substance:  12,802  mg  CO,;  1.862  rag  H,0.  5.806  mg  substance;  13.299  mg  CO,;  1.926  mg  H,0. 

4.159  mg  substance;  0.397  ml  N,  (734  mm,  28*).  3.641  mg  substance;  0.345  ml  N,  (737.35  mm,  280- 

Found  5*  C  62.48,  62.46;  H  3  73.  3.76;  N  10.44.  10.47;  a  11.98.  CuHA^^Cl-  Calculated  <%:  C  61.65; 

H  3,36;  N  10.27;  Cl  13.03. 

The  structure  of  the  product  was  pinved  by  its  cleavage  to  anthranilic  acid  and  m-chloroaniline  by  boiling 
with  sodium  hydroxide  solution. 

0.4  g  of  the  substance  was  heated  for  2  hours  with  10  ml  of  10^  KaOH.  The  m-chlo>oaniline  formed  was 
extracted  with  ether;  anthranilic  acid  with  m.p.  144-145*  was  precipitated  in  the  aqueous  residue  by  adjustment 
to  pH  6-6.5.  A  mixed  sample  with  anthranilic  acid  melted  at  145*. 

m-Chloroaniline  was  identified  by  converting  i:  to  an  azo  dye,  for  which  the  ether  extract  was  treated  with 
dilute  hydrochloric  acid,  diazotized.  and  the  dlazo  compound  coupled  with  2-naphthr»l.  A  dye  was  obtained 
(scale-like  platelets  from  glacial  acetic  acid)  with  m.p.  155-156*.  The  crystals  from  pure  m-chloroaniline  and 
2-aaphthol  melted  at  155-157*.  A  mixed  sample  melted  at  155-157*. 

100  g  of  potassium  anthranilaie  and  15  0  g  of  m-toluidinc  were  heated  for  5  hours  at  225-230*  under  GO, 
pressure  (26-28  atm.).  The  reaction  mixture  was  acidified  to  Congo  with  dilute  hydrochloric  acid.  The  pre¬ 
cipitate  which  separated  was  mixed  with  200  ml  of  5^  NaOH  and  filtered.  About  7.5  g  of  the  product  with 
m.p.  225-230*  was  isolated  from  the  filtrate  by  acidifying  to  Congo.  Two  recrystallizaiio^is  from  60^  acetic 
acid  W’ith  activated  carbon  resulted  in  spindlelike  crystals  of  3-(3*-metbyiphenyl)-2.4-dioxotetra.tydioquinazollne 
(VI)  with  m.p.  252-252.6*. 

5.356  mg  substance:  14.018  mg  CO,:  2.276  mg  H,0.  5.562  mg  substance:  14.510  mg  CO,;  2.304  mg  H,0. 

0.1950  g  substance:  15.64  ml  0.1  N  HQ.  0.2154  g  substance:  17.17  ml  0.1  N  HCl.  Found  C  71.40; 

71.42;  H  4.75,  4,64;  N  11.23,  11.16.  CuH^CjN,.  Calculated  C  71.43;  H  4.76;  N  11.11. 

0.6  g  of  the  substance  was  boiled  for  4  hours  with  15  ml  cf  10^  KDH,  dauted  with  water,  and  about  0.1  g 
of  a  silvery  precipitate,  the  m-toluidide  of  anthranilic  add.  m.p.  113-114*  (113-114  [13])  was  filteied.  A  mixed 
sample  with  pure  anthranilic  acid  m-toluidide  melted  at  113-lll*i  m-ToluidLne  was  extracted  with  ether  from  the 
the  filtrate,  and  anthranilic  acid  with  m.p.  144-145*  was  Isolated  upon  adjustment  to  pH  6-6.5.  A  mixed  sample 
with  pure  anthranilic  acid  melted  at  144-145*. 

100  g  of  potassium  anthranilate  and  150  g  of  p-toluidlne  were  heated  for  7  hoots  at  230-235*  under  COg 
pressure  (27-30  atm).  A  precipitate  formed  by  acidifying  the  teactio"  products  wuh  dilute  hydrochloric  acid, 
which  was  treated  with  5^  NaOH  solution.  A  small  precipitate  was  filtered;  thin  needles  of  4.4*-dlmethyldi- 
phenylurea  wfih  m.p.  262* (262-263*  [!4D  were  obuined  by  recrysUlUzation  fust  from  acetic  acid,  and  then 
fwrn  alcohol.  A  mixed  sample  with  pure  4,4’-dlmethyldiphenylorea  melted  at  262.5*. 

12. 2  g  of  a  substance  with  m.p.  240-245*  was  isolated  from  the  alkaline  fUttate  by  acidifyir:B  to  Cor>go; 
needles  of  3-(4'-methylphcnyl)-2.4-dioxotetrahydroquirazoline  (VO)  were  obtained  from  glacltl  acetic  acid, 
which  melted  at  249-250*  Irdtially,  then  solidified,  and  once  more  melted  at  259-260*  (259-260*  D5J). 

•  The  Insoluble  product  was  filtered  out  and  washed  with  water  to  neutrality. 
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6.CS0  mg  substznce:  15.882  mg  Cpg;  2.610  mg  n»0.  6.548  mg  M^aacc:  17.107  mg  CQt;  2.9K  mg  Hfi 

a.26C  C5.ju:laj.0.3a3  ml  N,  (733.2  mm.  19^.  4.276  mg  subsiance:  0.407  ml  N,  (732.4  mm.  20^.  Found  V 

C  71.28.  71,30;  H  4.80,  4.99:  N  10.51.  10.69.  C^HaCjN,.  Calculared  C  71,43;  H  4.76;  N  11.11. 

1  g  of  the  product  w*s  refluxed  in  a  flask  for  6  houn  with  25  ml  of  10^  KOH.  As  the  heating  progressed,  the 
solution  clouded  and  p-toluidme  droplet*  (m.p.  44*)  formed  m  the  condenser.  At  the  end  of  this  time,  it  was  fil¬ 
tered.  There  was  about  0,16  g  of  amhtanilic  acid  p-toluuiide,  m.p.  149-150*  (151*  [16))  in  the  tcsiduc.  Anthxan- 
ilic  acid,  m.p.  144-145'*,  was  liberaied  by  acidification  of  the  alkaline  filtrate.  A  mixed  sample  with  pure 
anthranilic  acid  melted  at  144-145* 

15  g  of  potassium  achramlate  was  heated  for  8  hours  ^  230-240*  in  a  175  ml  sealed  glass  tube.  A  pres¬ 
sure  was  detected  upon  operur:g  the  irbe  at  the  end  of  the  experiment.  The  reaction  products  were  treated  wnh 
hydrochloric  acid.  1  g  of  3-pr.enyl  -2,4'<iioxotettaL>dro4wt. r.aaoline  (I)  melting  at  276-277  was  obtained.  A 
mixed  mehing  iv>:rT  with  (I)  cbtji'.'x-d  by  heating  diphenyl  urea  with  l^CO^  under  COj  pressure  gave  no  deptessioo. 

10  g  of  potassium  2-feminc— 4-meThyloerizcaTfe  was  heated  for  8  hoots  m  a  sealed  tube  at  220*230  .  Pres^ 
sure  was  observed  upon  opening  Cie  t«be.  The  reaction  p.od sets  were  processed  In  the  previous  manner.  About 
0.6  g  of  3-(4*-metnylphea>l>-2.^-<l:c.»otetrali>ciroqiiinazolLn£  (in)  was  cbtainrd,  ciy-stais  with  m.p.  285-286* 
from  acetic  acid.  A  mixed  samp-e  wit.^.  (iu)  ofatai.':ed  b>  licatirig  acet-p-toluidide  with  KfCO^  under  CO^  pcessoie 
melted  at  285-286*. 

Potassium  ar\I-N-c  arban^  a'es.  106  g  of  dipbenyliirea  aruJ  138  g  of  K^COy  were  heated  in  the  autoclave 
for  8  hours  at  l75-lS0*  under  COj  pressure  (30-40  atm).  A  wrute  powder  was  obtained,  which  was  the  pocassLim 
salt  of  phenyl-N-catbamic  acid  wjh  m’puriiies  of  K^COy  and  a  small  amount  of  unreacted  diphesylurea.  The 
yield  of  potassium  N-phecylcarbamate  was  about  theory.  The  product  was  treated  witn  pyridine  filt&ted. 

and  washed  with  etier  to  remove  the  -mripurtty  of  dtpbenvturea. 

15  g  o*  the  substance  punfied  in  this  manner  was  tieated  to  40*  with  45  ml  of  pyridine,  20  irl  of  methyl 
benzenesulfonatc  was  added  over  a  3  hour  period,  the  reaction  mass  was  kep*  for  1  houi  at  50*.  cooled,  filtered, 
the  filtrate  evaporated  in  vacuum  (15  mm)  on  the  boUmg  w«tei  bath,  acidified  to  Congo  with  bydrochlonc  acid, 
and  extracted  with  ether.  Methyl  pGcnyl-N-carbamate  remained  after  the  removal  of  the  ethet;  needles  with 
ro.P.  47* (47*  [17D  from  50^  alcohol.  A  mixed  sample  with  pate  methyl  phenyl^j-carbamate  melted  at  47*. 

3.394  mg  substance:  7.-970  mg  CO*.  1.870  mg  rijO.  3.680  mg  substance;  8.643  mg  CP|:  1.950  rog  H^. 

3.650  mg  substance;  0.283  mi  (749.2  ram.  21*).  3.922  mg  substance:  0.299  ml  li,  (748.8  roro,  21*). 

Found  C  64.08.  64.10.  H  6.17,  5.93,  N  8.88,  8.72.  C»Hp,N,.  Calculated  C  63.57.  H  5.96;  N  9.27. 

15  g  of  3.3’-dlchloiodipheny!urea.  11  g  of  and  30  ml  of  m-chloroaniline  were  heated  for  1C  hoars  at 

185-190*  vrith  efficient  stirring  in  a  flusk  equipped  with  a  stxaight  condenser  in  a  slew  stream  cf  0P|.  The  resi¬ 
due  was  freed  frem  the  residual  3.3*-<licblorodjpben>lurea  by  treatment  with  pyridine,  filtration,  aod  washing 
with  ether.  roi.assium-3-chlotopher.yi-N-caibamate  conrjunir.ated  with  KgCO,  was  obtained.  TieW  about  5(/ftoi 
theoretical,  fhe  product  was  soluble  n  alkalies.  Upon  startling  Ji  alkaline  solution,  hydrolysis  occurred  with 
formation  of  3-chlotoaniline. 

SUMMARY 

1.  On  heating  N-acylarylamires  with  K|CO|  undet  CO|  pressure,  aminocarboxylic  acids,  detlvatives  of 
3-pher.yl-2,4-<lioxotetrahydroq'iirazoline,  ar-d  salts  of  aryl-Ncarbamic  acids  were  formed;  the  latter  were 
obtamed  upon  heating  a  series  cf  N-acylarylamincs  ut  the  absence  of  CO^  under  normal  pressure. 

2.  3-Pheayl-2.4-dioxotettahy<l!x)qui.nazoline  a.nd  lu  derivatives  were  formed  by  heating  potassium  sabs 

cf  aromatic  o-amlnocarboxylic  acid,  on  heating  potassium  ar»Thtanilate  with  a  senes  of  arylamines,  denvaxives 
ol.3'phenyl-2,4-dioxoietrahydroquinazolinc  were  farmed. 

3.  In  view  of  the  fact  that,  durfngil.e  pioccn  of  heatii.g  N-acylarylamlnes  with  K|00,  under  0(\  ptesaiKe. 

some  of  them  are  transformed,  to  an  extent,  to  the  pct^sslum  salt  of  aryl-N-carbamic  acid  before  tl« 

start  of  the  formation  of  amira)c*:bo*,lk  acids,  as  well  as  the  fact  that  headng  potassium  salu  of  phenyl-N- 
carbam  1C  acids  leads  to  the  formation  of  ammocarboxylic  acids,  i?  is  quite  apparent  that  salts  of  aryl-N-caih- 
amic  acids  are  not  side,  but  imenrediaie.  reaction  produc  ts.  whu  h  aie  the  source  of  the  formation  of  ions  of 
arylamines  which  react  with  COj  and  form  amino  acuk. 
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INVESTIGATION  OF  CONJUGATED  STSTEKff. 

XLVII.  CONDENSATION  OF  BUTYNONE  WITH  CYCLIC  DIG^C  HYDROCARBONS 
A.  A..  Petrov  and  N.  P,  Sopov 

OS  the  large  ruiinber  of  papers  on  *dieaic  s>’nthcse$" ,  an  InsigTcficant  number  Is  aboci  InvesdgatlOQS 
on  the  condensation  of  dieolc  compounds  vrtth  acetylenic  aldehydes,  ketones,  acids,  arid  denvaaves  of  acids  Cll 
Oily  several  condensations  trf  dlenic  compounds  with  acetylene  dicarboxylic  and  phenylprc^oUc  acids  and 
their  deiivatives  have  been  rep<Mied.  as  well  as  those  in  which  propiclic.  tenolic,  and  pbenylptoplolic  aldehydes 
participated  The  authors  of  this  ccinirunicatioa  studied  the  reactions  of  the  simplest  acetyleuic  ketone., 

butynone.  with  divinyl,  isoprene,  piperylene,  dipropenyl,  diisopcopenyl,  and  chlocoprene  [5-7],  Several  dienlc 
syntheses  with  the  participation  of  butynone,  and  other  acetylenic  ketones  (prcpylacetylenyl  ketone,  phenyl* 
acetylenyl  ketone.  iH’openylacctylenylketone,  dibeozoylacetylene)  were  reported  by  foreign  chemists  [8,  9J. 
Recently  an  unusual  condensation  of  butynone  with  methylcyclohexanones  by  another  scheme  was  reported. 

Continuing  the  investigation  of  the  reacdotu  of  butynone  wi*h  dlenic  compounds  experiments  were  con* 
ducted  on  the  condensation  of  this  substance  with  cyclic  dlenic  hydrocarbons.  cyclopentadiene*1.3  and  cyclo* 
hexadiene*l,3. 

Previously  the  condensadon  of  these  hydrocarbons  with  acetylemc  compounds  was  studied  only  with 
vinylacetylenyl  ketone,  acetylene  dicaiboxyUc  acid,  its  esters,  and  nitrik  [11-17X 

Cyclopentadiene.  with  all  of  these  ccHnpounds,  gives  even  at  room  temperanire,  comparadvely  suble 
cotidensadon  ptoducu  with  endoTnethylene  bridges,  wldch  decompose  into  the  stardng  components  upon  heat¬ 
ing  [11-14]. 

Cyclohexadiene  at  0*  gives  a  normal  condensadon  product  with  acetylene  dicarboxylic  add.  a  dibasic 
add  with  an  endo^thylene  bridge.  However,  this  product  readily  loses  an  ethylene  molecule  on  headng  and 
gives  phthalic  add  [15],  The  condensadon  of  cyclohexadiene  with  acetylene  dicarboxylic  acid  esters  at  200* 
gives  phthalic  add  esters  directly  [16]. 

The  experiments  cortducted  showed  that  cyclopent  adlene  •^adily  condenses  with  butynone  even  at  50*  with 
the  formadon  of  two  i^oducts  as  a  result  of  the  reacdon.  a  liquid  and  a  crystalline  substance. 

The  liquid  product  was  fonnd  to  be  the  normal  condensation  product  of  cyclopenudiene  and  butynone, 
l-acetyl-3.6>endQmethylene-cyc]ohexadiene'1.4which  readily  formed  a  semicarbazone. 

Attempts  to  obtain  tertiary  akdtols  from  this  ketoneby  the  acdon  of  methyl  magnesium  iodide  and 
bromide  under  conditions  previously  used  for  the  synthesis  of  lerriary  alcohols  from  cyclohexadienlc  ketones  [17] 
ended  ”  unsuccessfully.  A  ketone  %ntb  another  methyl  group  was  obtained  instead  of  the  alcohol.  Evidently, 
the  cegano  magnesium  compound  added  to  the  stardng  ketone  at  the  conjugated  system  of  bonds  according  to 
the  scheme: 


Such  an  addldon  of  organo  magnesluro  compounds  occurs  very  frequently  during  reactions  with 
a. 5 -unsaturated  ketones  [18]. 


The  ketcne  obraired.  i-meth>i-2'acetyl-3.6-€ndoiT7eihylenecyclohexene-4.  readily  formed  a  weU 
cr>'»tallizin£  semicarbazonc  and  2.4-diniuophenyIhydra2one. 

The  cr>’*i*Uine  condetisadon  product  vdth  m.p.  10*7*  was  found  to  be  the  dimer  <rf  the  liquid  ketone. 
It  was  readily  obtained  from  the  latter  by  heating,  as  well  as  by  prolonged  storage.  Each  redisdllaiioa  of 
the  liquid  ketone  (at  lOrom)  was  accompanied  by  the  formation  of  small  amounts  of  this  crystalline  dimer 
In  the  distillation  flask.  The  dimer  dir.ills  at  183-185*  without  apparent  decomposition  at  10  mm.  The 
sabsunce  has  the  same  empirical  formula  as  the  liquid  ketone  but  a  double  molecular  weight,  it  gives  a 
positive  result  upon  testing  fer  the  presence  of  a  carbonyl  group  (reaction  with  p-iutrophenylhydrazine), 

*rid  docs  not  contain  hydroxyl  groups  (deiermineu  according  to  Tcretyev). 

Acetylendomethylencyclohexadiene  can  form  a  dimer  analogous  to  that  of  roeihylacrdein  (19J 
resembling  the  reacaon  of  acrolein  with  vinyl  ethers  [201  namely  according  to  the  scheme: 


CH, 


The  proposed  formula  for  the  dimer  was  proved  bv  io  relation  to  acids.  It  readily  reananged  by  the 
action  of  acids  to  a  substance  %rith  a  higher  melang  pant  containing  two  carbonyl  groups  (it  gives  a  double 
pititroi^enylhydrazine)  and  a  hydroxyl  group  (determined  accading  to  Terentyev,  giving  a  result  two  ames 
the  theoretical  amount  evidently  because  .he  organo  magnesium  compound  causes  the  dehydration  of  the 
substance). 

The  formadon  of  the  dimer  from,  the  condensation  product:*  of  cyclopentadlene  with  a  .dnmsaturated 
carbonyl  compound  had  not  been  found  up  to  ne  present  investigation. 

Cyclohcxadiene  practically  does  not  condense  with  bu'ynane  at  50*.  At  90*,  the  reaction  proceeds 
slowly, for.ming  acetophenone  and  ethylene  as  the  main  producs  In  addition  to  acetophenone,  a  very  small 
amount  of  a  hig!  tr  boikng  i.^i'^ance  was  formed, wkich.howevcr.  was  not  isolated  In  pure  state  Apiarently, 
this  iS  the  normal  product  of  tee  c*'ni:ensanon  with  an  endo-eihylene  bridge  At  120*.  the  reacnon  proceeds 
with  the  formadon  of  acetopi^nooi.  and  ethylene  excludvely  Acetophenone  was  Identified  by  constants  and 
melting  pant  of  its  2,4-dinitrophcnylhydrazone.  Ethylene  was  absorbed  by  bromine  and  identified  as  dibro-mo- 
etitane. 

Therefore,  the  condensanon  of  butynone  and  cyclohexadrene  is  accompanied  by  the  cleavage  of  the 
endo-eihylene  bridge  by  the  scheme; 


EXPERIMENTAL 


Butynone  was  obtained  fa  the  Invesagation  by  shaking  methoxy  a  eihoxy>inylacetylene  with  5g  H1SO4 
(for  8-10  g  of  the  ether,  100-120  ml  of  the  acid  was  used)  until  complete  sobiuon  (21).  The  soluucn  obtained 
was  saturated  with  ammonium  sulfate,  and  the  but>Tione  extracted  with  several  padonsof  toluene.  The  sub¬ 
sequent  experiments  were  conducted  with  these  solutions  dned  with  anhydrous  soldium  sulfate. 


J0S6  .  .  ' 


Cyclopemadicne  was  obtained  by  the  slow  disdUation  of  the  dimer;  cyclohexadiene,  by  the  dudlla- 
lion  of  l,2-<iibroiT)ocyclohexane  vlth  quinoline.  Cyclohexadiene  contained  cycloheiene  as  an  impiiaty  which 
did  not  Interfere  in  the  subsequent  experiments  since  cycloho  tie  does  not  cmdense  with  butynone  undec 
the  usiial  conditions  of  the  dlenic  synthesis. 

l-Cnadensation  of  cyclopentadiene  with  butynone. 

In  one  of  these  experiments  13.5  g  (17  ml)  of  cyclopeniadiene  was  heated  in  a  sealed  glass  tube  for 
o  hours  at  90  with  a  soluiicxi  of  butynone  in  toluene  p'epared  tom  16  g  of  ethoxyvlnylacetylene.  By 
vacuum  distillation  (toluene  was  removed  at  50  rom  and  the  residue  was  distilled  at  10  mm).  12  g  of  a 
liquid  product  (90-95*)  and  5  g  of  residue  were  obtained  which  boiled  at  183-I85*and  crystallized  upon  standing. 

The  liquid  reaction  product  came  o\er  mainly  at  92* (20  mm)  upon  redlsdllation  and  had 

dj*  1.C362.  n^  ••  5008.  MRp  found:  38.71.  CjM^O.  Calculated;  38.44. 

0.1312  g  tv\i-u.e:  0.3862  g  CC^;  0.0894  g  H,0.  Found  «5b:  C  80.33:  H  7.62. 

Calculated  %  C  80.56,  H  7.51. 

Ine  substance  polymerized  partl>  upon  redlstiUaiioa.  and  upon  standing,  with  the  formation  of  a 
cAtial’ine  product  (idenneal  with  that  isolated  directly  from  the  reaction  mixture)  and  tars.  A  semlcaibazone 
¥dth  ip.p.  166-167*  was  obtained  from  the  subsunce.  It  could  doc  be  tecrystallized.  A  ketone  (4.3  g)  with 
b.p,  94.5-95*  at  20  mm  was  obtained  in  55^  yield  by  the  reaction  of  7  g  of  the  substance  with  two  equivalenu 
of  an  ether  solution  of  methyl  magnesium  iodide  under  the  usual  condidoos. 

di* 0.9905,  1.4846.  Found  43.44.  CjjHj^O.  Calculated  43.52. 

8.59  mg  substance:  25.33  mg  CC^:  7.2S  mg  H|0.  Found  C  80.47:  H  9.47.  Ct^hj^O. 

Calculated  %  C  79.95:  H  9.40. 

A  semlcarba.zone  and  2,4-dlmtrophenylhy(lrazone  were  obtained  from  the  k'tonc  under  the  usuilto^'^.- 
tions.  The  semicarbazone  was  recrystallizcd  from  aqueous  alcohoL  Khp.  I**'* 

9.78  mg  subaanot;  1.616  ml  N,  (16*.  770  mm).  Found  N  19  78.  Ci^..^3N,.  Calculated  ''u.27. 

The  2.4-diniiioplienylhydrazone  had  an  m.p.  182.5-183.6* (It  was  rccryaalllzed  feom  dilute  a..  ^1). 

3  g  of  the  ketone  was  distilled  with  a  1(F%  solution  of  oxalic  acid;  the  subaance  distilled  unchanged. 
Therefore,,  it  was  shown  that  it  did  not  contain  any  ternary  alcohol  as  an  Impislty. 

The  sajTie  ketone  with  b.p.  92-94* at  20  mm  was  Stained  by  the  acuen  of  a  double  quantity  of  an 
ether  soluilcn  of  methyl  magneaum  bromide  upon  acetylendomethylenecyclohexadiene;d  J*  0.9886,  Hq  1.4386. 

The  crystalline  product  of  the  condensanon  of  cyolopentadiene  with  butynone  was  washed  with  several 
portions  of  cold  methanol,  it  then  weighed  3  5  g.  After  recrystallizanon  from  methyl  alcohol  the  subaance 
melted  at  107*  and  was  a  white  dense  cryaalline  substance. 

0.1292. g  substance;  0.3788  g  CC^:  0.0880  g  1%0.  0.1308  g  substance*  0.3850  g  CC^;  0.0882  g  H,0. 

0.1206  g  substance:  20.0  g  benzene;  At  C.115*  Found  C  80.01,  80.53:  H  7.62,  7.54;  M  268.5. 

CiiH|A*  Calculated  C  80.56;  H  7.51;  M  268.3. 

The  substance  gave  a  binary  p-nitrophenylhydrazone  with  m.p.l82-183'*with  jMiltiophenylhydrazlne 
in  acetic  acid,  which  conesponded  in  analytical  dau  to  the  p*cuophenylhydrazone  of  the  product  of  hydro¬ 
lysis  of  the  starting  substance. 

6.88  mg  subaance:  0.871  ml  N,  (17*.  762  5  mm).  8  9C  .mg  subsunce:  1.185  ml  N,  (18*.  749  mm). 

Found  N  14.95,  15.39.  Calculated  N  15.10. 

UpcQ  heating  1  g  of  the  subaance  with  5  ml  of  acetic  acid  ^of  30  nunutes  and  after  neutraUzaiioo 
of  the  mixture  with  sodium  carbonate,  about  0.9  g  of  product  was  obtained  which  melted  at  127-128  after 
recrysulllzation  from  aqueous  acetone. 

7.20  mg  aibaance:  19.90  mg  CO^;  5.18  mg  1^0.  9.24  mg  substance;  25.48  mg  COg.  6.45mg  H,a 

0.1386  g  substance:  16.57  g  benzene:  At  0.152*.  Foind  C  75.43,,  75.25,  H8.05,  7.81  ,Xi  284.4. 

C^HaC^.  Calculated ‘Jt:  C  75.49,  H  7.74:  M  *^36.3. 

*  Without  recrynallizatloo. 
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The  deicnrination  of  the  active  hydrogen  according  to  Terentyev  gave  t«ce  the  cakulaicd  result. 

0.C376  g  substance:  6.94  ml  CHa  {15*.  751  mir).  0.0440  g  siistance:  7  80  ml  CH4  (18**  *^85  roro).  . 

Found  number  of  active H  atoms:  2  04.  2.06.  Calculated  1.0. 

The  same  hinar:  p^ropbenylhydiazone.  ra.p.  182-18 3*(wiibout  recrystalliaatian)  was  obtained  fruu 
the  subr.ancE  with  m.p.  127-l2S*in  acetic  add  at  was  obtained  from  the  substance  with  in. p.  107*,  however, 
with  a  poorer  yield. 

6.6.*^'^  substance:  0.863  ml  (16*.  750.5  mm).  Found  N  15.08.  Calculated 

N  15.10. 

Upon  heating  cyclopentadiene  (8  g)  %rith  butynoce  (torn  7  e  g  o^  ethoxyvlnylacetylene)  at  50  for 
6  hours.  6.2  g  of  a  liquid  and  about  1  g  of  a  crystalline  fvoduct  was  obtained. 

2.  Condensation  of  cycloihexadiene  with  bJtynone. 

a)  12  g  of  cyclobexadiene  was  heated  for  6  hours  in  a  sealed  tube  with  a  toluene  solution  of  butynone 
obtained  from  12  g  of  cihoxyvinylacecylene  After  disullation  at  reduced  pressure  of  the  toluene  and  the 
reagents,  no  higher  boiling  residue  remained  In  the  flask. 

b)  The  same  amounts  of  the  reagents  were  heated  for  10  hours  at  100-105*.  After  the  removal  of  the 
toluene,  4  g  of  a  substance  remained  In  the  flask,  which  was  separated  into  the  following  fractions  upon 
distillation  (10  mm):  1)  80-85*,  2  g:  2)  85-91*.  1  g.  3)  91-93*,  0.8  g.  The  last  fraction  had  n^  1.5212. 

The  first  fraction  was  found  to  be  acetophenone.  The  last  fracaon  had  constants  wnlch  differed  from 
those  found  for  acetophenone  (b.p.  83-85*  at  12  mm.  dj*  1.0236,  1.5342)  C22).  However  this  fracdoa 

gave  a  2,4'dinitropbenylhydrazone.  which  was  characteristic  for  acetophenone  dinitrophenylhydrazone  with 
m.p.  236*.  Evioemly,  the  substance  is  a  mixture  of  acetophcnoie  and  the  normal  product  of  the  coodensatlGa. 

c)  Upon  heaUng  the  same  quantities  of  the  reagents  at  120*  for  6  hours.  6  g  of  acetophenone  was 
obtained  (yield  40^)  with  b.p.  94.5*  at  20  mns  d”  1.0290,  n^  1.5344:  the  p^trophenylhydrazone  of  the  sub- 
sunce  melted  at  184*.  the  2.4-dinitrophenylhydia2one  at  237*,whlch  accurately  conesponded  to  the  litera¬ 
ture  data.  A  pressure  was  detected  when  the  tube  was  opened  Several  of  the  tubes  were  cooled  with  a  mix¬ 
ture  of  ice  and  salt  prior  to  opening,  and  the  gas  which  was  evolved  after  their  opening,  was  passed  into 
bromii  A  small  amcxini  of  dibromoethanewith  b.p.  131-133* and  n*^  1.5380  was  obtained,  literature  data: 
1221.  b.p.  131.7*.  n*^  1.5379. 

SUMMARY 

*1^  condensation  of  butynone  vdth  cyclopentadiene-1,3  4rd  cyclohexadlene-1,3  was  studied. 

2.  It  was  shown  that  cyclopenudiene  gave  a  ntsmal  condensarian  product.  l-acetyl*3,6-€ndt»i)ethylcac- 
cyclohexadiene-1.4,  capable  of  being  transformed  Into  a  crystalline  dimer,  constructed  analogously  to 

that  of  meihylacrolein.  upon  heating  and  upon  smage. 

3.  It  was  shown  that  cyclobexadiene  condensed  vriih  butynone  with  the  cleavage  of  a  molecule  of 
ethylene  to  form  acetophenone. 
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INVESTIGATIONS  OF  CONJDGATED  SYSTEMS 


XLVm.  ORDER  OF  ADDITION  OF  ALKYL  HYPOIODITES  TO  CHLCXiOPREKE  HOMOIOGS 


A.  A.  Pettov  acd  E.  A.  Leporikayi 


Invesdgatior  of  reaciiocu  of  chloroprene  and  btomoprene  %flth  alkyl  hypohalires  conducted  by  one  oC 
the  authcvs  led  to  unexpected  results.  It  was  found  that  the  order  of  addidon  depends  on  the  nature  of  the 
halogen.  Alkyl  hypochltxiies  added  to  chloroprene  and  btomoprene  mainly  at  the  ends  of  the  conjugated 
system  [1,21.  I.e.,  in  a  similar  manner  as  halogens  [3,4.5]  and  hydrogen  habdes  [3,7,8]  add  to  these  substances^ 
with  the  chlorine  entering  posdoo  one.  Alkyl  hypobrocnites  and  hypcfodltes  adued  almost  exclusively  to  the 
unsubstituted  double  bond  %rlth  the  halogen  atoms  entem^  position  4  [9,10.11].  Thetcfa',  only  alkyl  hypo- 
chlontes  were  found  able  to  poLanze  the  entire  dienic  system  as  a  whole. 

This  eccemiicity  in  the  reacuons  of  chloroprene  and  brcxnoprene  with  alkyl  bypdhaiites  was  explained 
by  steiic  and  energetics factoa  Chlciineor  bromine  ^oms  in  position  2  the  chloroprene  and  bromoprene 
mulecules,  possibly,  interfere  with  the  enaance  of  btomine  and  iodine  atoms  into  posltlOQ  1.  whereas  this 
barrier  is  Insufficient  for  the  enaance  of  chlorine.  It  is  possible  that  here  the  great  heat  of  reaction  of  alkyl  hypo^ 
chlorites  with  dienes  Is  of  effect  because  of  which  c  more  complete  pclarixanoa  of  the  systems  exists 
In  the  reaction  complex. 

The  necessity  to  establish  the  mechanism  of  this  effect  caused  the  authors  to  investigate  the  order  of 
addition  of  alky!  hypc^lites  to  bomologs  of  chloroprene  and  bromoprene.  The  present  commnnicatioa 
deals  with  the  investigation  of  the  otdei  ol  addtlon  of  alkyl  hypoiodites  to  bomologs  of  chloroprene  with 
radicals  In  the  a'l>asiiion  of  the  conjugated  lystem  R““CH  =-CCl  ~CH 

a-ALkyi  derivatives  of  chloroprenes  were  first  prepared  by  the  eddldoo  of  hydrogen  chlorides  to 
a*alkyl  dciivatlves  of  vinylactylene  [12].  The  latter  was  prepared  by  the  action  of  alkylating  agents  on  sodium 
derivatives  of  vinyl  acetylene  in  licpild  ammonia  [13].  This  method  was  used. 

The  chemical  properties  of  the  chl'^*"Hene  bomologs  were  scarcely  stoiied.  Authors  who  fiist  ob¬ 
tained  these  compounds  only  Invesngated  tocit  ci  .idensation  wlthnaphthoouinoneond  polyroeiizailons.  Up  to 
now.  no  one  had  studied  these  compounds. 

5  substances  were  pre pared  for  the  invesngation,  whose  formulas  and  constants  arc  given  in  Table  1. 

Two  substances  were  previously  unsynthesized. 


TABLE  1 


Substance 


C1^=CH-CC1=CH-C1% 


Cl^=CH-Ca=CH-Ctl^  £8.2-69 
Cl%=CH-Ca=CH-C,Hx  49.5-60.5 

j  695-^0.5 

C1^=CH-CC1=CH-C4H,  \|  64-65 


B.p.(*C)  1  ftessuxe 

:  (nm) 


122.5-123.5 

68.2-69 


C 1^  =C  H-CCl  =CH-(C  1%],- 1 
-CH(CH,),  83.5-84.5 


literature 


Found 

Calculated 

760 

759 

0.9S92 

0.9576 

1.4732 

1.4785 

30.72 

30.33 

29i» 

29.22 

760 

117 

0.9392 

0.9390 

1.4772 

1.4770 

35.09 

35.08 

33.84 

33.84 

20 

0.9290 

1.4796 

39.93 

38.46 

20 

18 

0.9185 

0.9366 

1,4782 

1.4794 

44.58 

43.82 

43.08 

43.08 

20 

0.9134 

1.4770 

49.C8 

47.70 
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Weghi  of  Wcgbt 
liipple  (g)  AgCl 


I  q;»ci 

'Fff  ind  ;Cilcu- 
ilated 


CH,=CK-CC1=  CH-C,H; 
Cf^=CH-Ca=CHtCH,VCH(CH3), 


f  0.1301 
i  0.1246 
0.1340 


0.1424  27.08  *27  15 

0.1380  27.42  j  27.15 

O.lias  122.02  ’22.34 


Isoprc^ylvinyUcetylcnc 
and  icriiarybutylvlnylacctyleDC 

TABLE  6 _ _ — - could  not  be  obtained;  in  both 

*4,ib<tance  '  I  Weight  of  j  l%e:gbt  cases,  hydrogen  halide  was 

sample  (g)j  AgCl  'Fo  ind  jCalcu-  cleaved  from  the  halogen  deriv- 

_ _  {  -  alive  to  form  propylene  and  iso- 

r  0.1301  0.1424  27.08  !  27  15  butylene,  respectively.  . 

CH2=CK-CC1=  CH— C,H;  ^  0.1246  0.1380  27.42  j  27.15  In  addition  to  isobutyl- 

CH,=CJ«:a=CHtCH,V-CH(CH3),  0.1340  0.1153  1  22.02  122.34  enc.  a  hydrocarbon  derived 

”  .  •  frcir  Isob'itvi  bmrnlde  was  ob¬ 

tained  in  very  low  yields.  Further  experiirents  were  nor  conducted  w:th  these  s-bsrances  Ptopy*er.e  and  butylene 
were  identified  as  dibromldes:  the  gas  which  separated,  after  me  absorption  of  airir  onra  wim  water  and  dilute  acid, 
was  passed  into  a  bromine  soladon. 

Dihromopropane  had  the  folloidng  constants  b.  p  14l“142*;  dj*  1  5344.  1  5202.  Literature 

dau:  b.p.  141.6*.  4**  1.9333. 

Dibroroomethylpropane  had  the  follcvnng  constants:  b.  p.  150*151  .  1  7676:  tj)  1  5100.  Ute.ature  data 

115]:  b  p.  149-151*;  di*  1.7627.  njj  1.5119. 

U.  Preparatloo  of  Chloroprene  Hornologs- 

1  Mole  of  tbe  hydrocarbor,  220  rrl  of  hydrocMocc  •cid.  sarurated  with  chloede,  at  0  ,  0.25  mole 

of  CiiClf,  a-od  0,2  moles  of  rocthylamine  hydrochloride,  or  an'mcmum  chi(Midc  (0.2  g  of  rivdroqidnane)  were  shaken 
fa  9  hours,  the  water  layer  was  separated,  me  oil  washed,  with  water,  dried  over  CaClf,  and  ftac  Donated  through  a 
dephlegmator. 

The  yields  of  the  c.hlcupreties  boiling  vrlihin  1-2*  we*^:  3-chIoroper.t  jdiene-1.3  (36^)  3*chlorohexadiene-1.3 
(27*!^  3-chlaoheptadieue(3t?>l).  2  chlaoocudiene  and  3<hlo.-o-7-n’eih.yloctadiene-1.3  (15^).  based  on  the  hydro- 
carbou  used.  The  unreacted  lydrocarboiw  were  once  irore  hydrochloanatc-d  The  total  yield  for  two  consecutive 
hydrochlorirauoru  was  27^  for  chlaooctadlene  and  clilo^oniethylocTadier.e.  Table  6  gives  the  analytical  results 
fa  the  new  compourids  prepanrd. 


III.  lodoalkoxylspon  of  Chloroprene  Homologs 

1.  lodo-meihoyylation  cf  3-chlaopentadierte-l.3.  48  g  of  mercuric  oxide  was  added  to  a  soluiiOQ  of  29.5  g 


chloropenudlene(0.2g  hydroquinooe)  in  80  ml  of  methyl  alcohol,  and  74  g  of  powdered  iodine  was  added  slowly  vrith 
cffiaem  stirring  and  cooling  (temperature  of  the  reaction  mixture.  10-12*)  in  5  g  portions.  After  the  additioa  of  each 
portion  of  iodine,  the  mixture  was  shaken  and  stirred  until  decolonzanon  At  the  end  of  the  reacaon.  the  unreacted 
mercuric  oxide  and  the  mercuric  iodide  were  filiered  and  washed  with  alcohol  on  the  filler,  rbe  hlttate  was  diluted 
with  water,  the  oil  which  separated  was  was,hed  with  calcium  chlaide  solution  to  remove  the  alcohol,  dried  over 
CaC](  and  vacuum  distilled  The  i.acilons  were  obtained  (5  mm):  1)70^0*-  6  g.  2)  82-83*-Qif  g  and  3)  lesidue, 

3.5  g.  Yield  cf  the  main  fracDon,  52^  of  theory.  The  consianu  of  the  substance  are  In  Table  2.  the  analytical 
data  In  Table  7. 

2.  lodomethoxylanon  of  3  chlorohexadiene-1.3  An  oil  was  obtained  under  the  above  condiaons  from  24  g 
of  chlwohexadiene,  60  ml  of  methyl  alcofiol,  33.5  g  of  mercunc  oxide,  and  52.6  g  of  iodine,  which  gave  the  fol¬ 
lowing  hactions  upon  dis-Jllanon  (at  10  mm):  1)  80-96M.9  g.  2)  90-10C*-  1.6  g.  3)  100-104*-3.5  g  4)  104-106*  -  17g, 

5)  106-110  ,  3.1  g,  6)  residue,  4.2  g  field  of  the  mal.n  (100-110*)  fractiori.  42.7^of  th^ry.  Constants ard given  in 
Table  2,  analytical  data  in  Table  7. 

Aboit  4  g  of  i^oplomc  and  4  g  of  oxalic  acids  were  obtained  after  the  usual  ptocesdng  of  the  mixture,  by  the 
oxidation  of  33  g  of  the  lodoether  at  10*  with  760  ml  of  a  potassium  permanganate  solution,  to  which  8  g  more  of 
permanganate  was  added  In  small  portions.  The  propiomc  acid  was  convened  Into  an  anilide  with  ro.p.  104*j  in  addi¬ 
tion  a  pnoluidide  with  ro.p  123*  was  also  obtained  from  it  Jjeither  .rystalline  product  gave  any  de- 

mixed  melting  point  with  authentic  pceparadons  of  proaonic  acid  anilide  aiul  p-toluidide. 

3.  lodoetfaoxylarioo  of  chlaohexadlene.  13  g  of  a  substance  was  obtained  from  10  g  of  chlorobexadlene,  60 
ml  of  ethyl  alcohol,  14  g  of  mwicuiic  oxide,  and  22  g  of  iodine,  which  gave  the  following  fractions  upon  distlllatl^ 
(10  mm):  1)  up  to  107*-  1.0  g.  2)  107-109*-10.4  g.  3)  109-111*-  1  5  g. 

Constants  of  the  main  part  of  the  substances  ant  given  in  Table  2,  analytical  data.  In  Table  7. 

^  lodoroethoxylation  of  -  xtaoheptadienc  An  cJl  vas  o:.:alr  td  froir.  20  g  of  chloiobeptadlene.  60  ml  of 
alwbol.  35  g  of  l^rcurlc  oxide  a>i  57g  of  iodf-:e.  vrVdch  gave  the  fcliow.rg  feacricns  upon  dmiUauon  (10  mm): 

T  I  n^-lir  40  g;  Z)  residue  4  g.  Yield  of  the  main  fraciro.n,  63^.  The  coruiants  are  given  in 

Table.  2.  analytical  resulu  In  Table  8. 
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TABLE  4 


si>hstaace  j  g  p 

i  1 

*  ■  i 
! 

1 

Pres¬ 

sure 

(mm) 

1 

1 

1 - 

"d 

jm 

n 

1 

1^9 

HIM 

2,4-di. 

nitro- 

pbenyl- 

bydra- 

zone 

CHj-COCCl=CI%  j 

38-40  ! 

1  30 

1  1373 

1  4608  i 

25.21 

25.08 

1  1 

139-  ] 

i - ' 

,100-103 

1 

1 

1  ; 

1  1 

i  (15*) 

(15”)  ; 

1 

1 

140 

ClVCOCClCffCI^  1 

65-66 

1 

30 

t 

1.0966 

1  1.4742] 

30.33! 

29.70 

— 

122 

188 

c  p,  t:o-ca=ci«:,H, 

76-77.5 

1 

30 

1.0592 

1.4730|35  id 

34.32 

-> 

— 

139 

ch,-cck:ci=cik:,Ht 

91-93 

30 

1  0301 

1 

1  4720| 

1 

|39.85 

38  94 

- 

111.5-  1 

|144 

GHj-COca*  CI+G^H, 

108-111 

30 

1.0070 

1.4705 

:4455 

43.56 

•> 

112  j 
117-118 

108 

C  H,-COCC!=CHtCi%)j'CH(CH,), 

118-120  * 

30 

1 

0.9836 

1 

1.4662 

|49.21 

48.18 

168 

i 

105 

1 

;i3i 

C  H,-COCClQr-CH,Bt 

83-83.5 

10 

2.0084 

1.5375 

I4L15 

41 T5 

— 

—  1 

1 

1  - 

C  Hj-COCClBrC  HBrC  1% 

94.5-95 

10 

1.8689 

1.5348 

|46.36 

45.70 

.  -  . 

i 

! 

1 

1- 

TABLE  S 


Substance 

B  p.  (  •€) 

I^essure 

WM 

1 

_ _ 

Found 

i  Calculated 

59-59.5 

59.2 

760 

760 

0.7396 1 
0.7401 

1  4450 
1.4496“ 

23.72 

23.98 

22.77 

22.77 

Cl^=CH-C=C-C,Hy  1 

83  5-64 

760 

0.7479 

,1.4522 

28.91 

27.34 

84.5-85.3 

0.7492 

1 1.4522“ 

28.86 

27.34 

CHj=ci«;=er,H^  | 

109.5-110 

760 

0.7603 

1  4524 

33.43 

32.00 

44.3-44  7 

75 

0.7671 

1.4520“ 

33.00 

32.00 

Cl^CHCrC^H,  ^ 

62-64 

62-63 

60 

61 

0.7763 

0.7830 

1.4568 

1.4592“ 

37.93 

37.84 

36.61 

36.61 

CH,  =C  H-C=C-C1%-CH(CH,), 

54-56 

60 

0.7668 

1.4440 

37.48 

36.61 

Cl^=ClK:5C-(Cl%)fClXCH,)*  j 

76-77 

60 

0.7803 

1.4671 

42.66 

41.23 

Therefore,  the  complete  analogy  between  the  leccda  of  chloroprerie  viih  alkyl  hypaodites  and  that  of  its 
horoologs  with  alkyl  hypaodites  was  shown  by  the  results  of  this  Invesiigatloa. 

EXPERIXIENTAL 

L  Preparatioo  of  Alkylvinylacetylenes 

4C  gof  powdered  sodium  amide  was  dissolved  with  efficient  soiling  In  1  liter  of  liquid  amrocnia  over  a  6-8 
hr.  period;  gaseous  vinylacetylene  (100  ml  of  the  hquid  vinylacetylene.  2S^  excess)  was  then  passed  into  the  sohi> 
tion  over  a  6-8  hour  period.  The  carcspondlng  alkyl  bromide  (1  mole)  was  added  drop  wise  (methyl  iHomfde)  was 
passed  In  as  a  gas)  over  8-10  hours  through  a  tube  goutg  to  the  bottom  of  the  flask  into  the  sodium  vinylacetyhde 
solution  obtained  At  the  end  of  the  leaciioii.  the  mixture  was  allowed  to  stand  In  order  to  evaporate  the  amiroaia. 
whereby  the  alkylvlnylacetylene  which  was  distilling  with  the  ammonia  was  condensed  in  absabers  hlled  with  water 
and  cooled  with  stow.  The  residue  in  the  flask  was  treated  with  the  ammonia  soluiion  from  the  absapdoa  bottles, 
the  oily  layer  collected  in  the  absoi.*Hloa  apparatus  was  added  to  It,  and  the  mixture  dlscUed.  The  lighter  layer 
collected  in  the  receiver,  cooled  with  Ice,  over  the  ammonia  water,  was  separated,  washed  2  times  with  water,  and 
dilute  HCl  soluntxi.  and  distilled  through  a  dcphlegmator.  Constants  of  the  t  substances  obtairod  are  gi«en  in  Table  5. 

Tdc  Held  of  the  methyl  bomolog  was  40-45^  of  theory,  the  ethyl  about  iCfU  toe  propyl  805>.  butyl  iso- 

amyl 
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TABLE  3 


Substance  i 

1 

B.p..*C  j 

(85  mm) 

ar  i 

t  nf? 

MRd 

' Found 

Calculated 

- — - 1 

CH^(OCH,)-Ca=CH,  j 

58.5-59.1 

1  0679  , 

1.4712  i 

1  1 

3L34 

3C.86 

1 

1 

CH,=C{OC,H5rCa=Cl^  ^  j 

74.5-75  i 

!  1.0204 

1.4641  ! 

35.86 

35.48 

CH,=C(0CH8^CC1  =CH-CH, 

85*66 

1  0322 

•  1.4798  1 

1 

36.23 

35.48 

Cl^=C(OCH,)-CCl-CH^H,  1 

102-103.5 

1.0’79 

1.47?-;  ! 

40  86 

40.10 

CH,=C(OC,H5rCCl=C»-C,Hj  | 

113.5-114.5 

0.9875 

l-47('  ; 

45.4*: 

44.72 

CH,=C(OCHj)Ca=CH-C,H,  | 

119-120 

1 

0.9956 

1.47iH)  1 

45.7j 

44.72 

CH,=C(OCH,)-Ca=C»C4H,  i 

1  137.5-139.5 

1 

0.9833 

1 

1.4773  1 

50.27 

49.33 

CH,=C(OChjrCa=CinClV2-CH(CH4), 

1  146-147 

0.9684 

1.4738  ; 

54.74 

53.95 

CH,  =C(  OCjHjTCf  1  CH-(CHj),-CH(CH,), 

1 

j  158-161 

0.9656 

1.4732 

58  92 

i 

58.57 

from  chloroptcne. 

It  i$  appAreni  from  the  datJtir  Table  2  tfsat  the  biiling  potrt  rises,  and  the  density  and  reiiactive  index  de¬ 
creases  regularly  in  the  homologous  se^es  ot  these  ethers.  All  ethers  have  a  specific  odor  (senna),  are  Insoluble  in 
water,  and  color  upon  storage  as  a  result  of  the  separanoi  of  iodine. 

Hydrogen  Iodide  Is  readl’y  cleaved  by  the  action  of  alkalies  to  form  chleroalkoxyprene  horoologs  The  phy¬ 
sic  al  properties  of  the  substances  obtained  are  compared  in  Table  3  with  those  of  the  pcevitaisly  obtained  chlotoalk- 
oxyprenes. 

It  IS  apparent  from  the  data  In  Table  3,  that  all  of  the  substances  baled  within  a  1-3*  range,  and  evidently, 
are  a  mixture  of  els  and  trans  isomers  Just  as  with  the  lodo  ethc.'S  jcnes,  a  regular  rise  in  baling  pant  and  decrease 
of  density  and  refractive  index  occurs.  AU  of  the  substances  show  an  exalution  of  about  C.‘»-0.9  •:ni»s  In  the  ro'*lar  re- 
fractivity.  The  freshly  prepared  substances  are  colorless^  they  turn  yellow  and  tar,  a”d  are  trensfamed  Into  viscous 
products.  However,  they  are  roae  stable  than  the  chlaoalkoxyprenes. 

All  of  the  ethers  obtained  are  saponified  to  the  carespcr.ding  ketones  by  dilute  acids  accasling  to  the  eqoa- 

lion: 

CH^(Oi^Cl=CH-R-^  CHg-COCa^Cl+il . 

The  rate  of  saponification  drops  strongly  in  the  homologous  senes.  The  ether  with  an  isoaroyl  radical  does 
not  uponify  completely  after  shaking  fa  10  hours  with  5*^  at  40-60*. 

The  properties  of  the  ketones  obtained  In  this  manner  are  given  in  Tabic  4.  as  well  as  those  of  the  ketone  ob¬ 
tained  from  chloToprene. 

It  IS  apparent  from  the  dau  of  Table  4  that  the  usual  generalizations  are  found  In  the  homologous  series  of 
these  substances  All  of  the  substances  exhlbtt  exaltation  In  the  molecular  refraedvity. 

Bromlnaiion,  reduction,  and  formauon  of  bydrazone  were  invesugated  from  among  the  chemical  properdes 
of  these  ketones.  All  of  the  ketones  readily  brominate  ir.  chlaoform  solution  with  bromine;  however,  only  the  bro- 
mination  ix<>duct  of  the  first  ketone  ctxild  be  disdlled  The  rest  of  the  substances  decomposed  upon  di$dlladoii,fonD- 
iag  hydrogen  bromide.  The  reduction  of  these  bromides  vrtih  zinc  proceeds  vrith  separatioi  of  hydrogen  bromide,  as  a 
result  of  which  a  mixture  of  saturated  and  unsatuiated  ketones  was  obtained.  The  coiresponding  product  from  chlao- 
prene  was  smoothly  reduced  to  methyl  ethyl  ketone  under  these  coedidODs 

The  reduedon  of  unsatuiated  chlaokctones  wltn  colloidal  pladncir  could  not  be  realized  because  of  the  sys¬ 
tematic  pa  soiling  of  the  catalyn. 

T.-'C  rate  of  seroica.’’bazot!e  forrracosr  decreases  sharply  %dth  the  increase  in  the  aze  of  the  radical, 
p-nitropl.cnylhyd^azones  are  formed  readily  upon  beatijig;  the  semicaibazones  are  greatly  affected  fa  this  reason. 
the.r  mcitir.g  pcT_  u  are  rot  snarp.  the  2.4-<liniL’X)pncnyl  fcydrazones  melt  mere  sharply. 
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TABLE  2 


Substance 

1  B.p.  r  *C) 
(10  mm) 

a** 

O4 

■e  i 

1  »«D 

Found 

Calcnlatea 

CH,I-CH(OCi%)-CCl=  CH, 

76.5-77 

1.7135 

1.6312 

44.53 

44.13 

ci^K:H(ocii%rc  acH, 

82'«3 

1  6163 

1.5220 

49.16 

48.75 

Ci^I-CH(OCHj“  ca= 

935-94.5 

1 

1.6355 

1.5290 

49.13 

48.75 

ci%M:H[OCH^-ca= 

104-106 

1.5267 

1.5172 

54  42 

63.37 

CH**-CH(OCiHj)-CCl= 

107-109 

1  4687 

1.5100 

58.76 

57.99 

CH,K:H(OCHg.><ja= 

Ctt-CgHy 

115-117 

1.4868 

1.5163 

58.68 

57.99 

CHgH:H(OCH,rCCl= 

129-133 

1 

1 

L4293 

1.5120 

63.53 

62.60 

CH,!-C  H(OCiV^l= 

CWlCi%VCH(CHi)g 

137-129 

1.3930 

1.5092 

67.86 

67.22 

CH,l-CHCOCiH0-Ca* 

Cih(Cl%),-CH(Ciyg 

141-144 

L:i436 

1.504G 

72.60 

71.84 

Iodoalkc::^'lation  of  chloroprene  homolcgs  wis  effected  by  the  action  of  iodine  and  mercuric  oxides  apcn 
their  solutions  la  irethyl  and  in  several  cases,  ethyl  alcohw. 

The  following  6  substances  could  have  been  expected  as  a  result  of  the  reaction,  of  which  II  and  IV  were  the 
least  probable,  since  they  have  never  been  found  in  reactions  of  conji^teo  systems.  - 

I.  Ci^I-CH(OR)-Ca=CirR;  II.  CH,(0;^HI-CC1=CH-1L  IIL  CI%=CirCCl(01^HI-R; 

IV  CI\=CPt:CII-CH(ORrR;  v.  CHhCH=CChCH(OR)^  R;  VL  Cl%(Oig-CH=CCr-CHI -R. 

The  structure  of  the  main  puts  of  the  reacdoo  products  was  proved  in  the  following  manner: 

1)  ftcpfonic  acid  was  obtained  by  the  oxidation  of  the  iodo  ether  of  the  chlorobexadiene  b”  a  neutral  no* 

tassium  penranganate  solution,  whereas  iodoacedc  aad  was  not  present  in  any  quantity  mthereacdon 

products.  These  results  forced  formula:  in.  IV,  V.  and  VI  to  be  discarded. 

2)  Dienic  chlotoether  were  obtained  from  all  of  the  iodoethets  by  the  acnon  of  alcoholic  alkali,  which 
could  be  hydrtdyzed  to  unsaturated  chloroketones  by  shaking  with  dilute  acid  soludons  Therefore,  the  chltxoh 
ethers  were  derivatives  of  the  enol  forms  of  these  ketones.  These  results  forced  formulas  n.  HI.  V.  arid  VI  to  be  dis¬ 
carded.  SubsuDces  with  formula  II  should  have  given  unsaturated  chlo/oaldehydes  with  these  transforroadomj  sub- 
sunces  with  formula  Ql.  an  unsaturated  iodoketone  or  the  acetal  of  the  ketone^and  finally,  subsunces  with  formulas 

V  and  VI.  ethen  of  unsaturated  cblcroaicobob.  Moneof  the  possible  reacdon  products  were  detected  in  any  son  of 
a  quantixy. 

Therefore,  the  iodoetbers  obtained  roust  be  asdgned  formula  L 

Small  lower  and  higher  boiling  fracdoos  were  always  obtained  in  addition  to  the  main  sjbstar.ee  ducing  toe 
iodoalkoxylanoa  of  the  chloroprene  homologs.  They  arose,  to  a  great  extent,  as  a  result  of  the  fairly  strong  decom- 
poddoa  of  the  iodo  ethers  during  disdUadon.  1.4**  Products  could  be  found  in  the  nigher  ba  Ung  fraction,  but  their 
quanuty  was  small.  If  half  of  the  whole  residue  after  separaaon  of  the  main  scbsunce  was  assrgned  to  the  1,4  pro¬ 
ducts,  them  tbdr  yield  would  not  exceed  one  temh  that  of  the  main  substanre  In  roost  cases,  it  was  consider^ly  be¬ 
low  diis  valme. 

Therefore,  it  was  shown  that  alkyl  hypoulites  add  tochloropre.ne  homologs  in  the  same  wder  as  to  cblcroprene. 

The  physical  proper nes  of  the  ethers  are  given  la  Table  2  along  with  the  corresponding  properdes  of  the  ethers 
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The  constants  are  given  in  iab^  I*,  analytical  .»<cr  -i  T?b;  -• 

T  j  V  »  -  r  «-»  O'*  -  ' »  wa$  rj*tai fioffl  S'*  g  cf  thc  suhstaoce,  50  ml 

lodomethoxvlana:  n  chlcvooctadien*.  3o  b  •  procuct  was  ooiaiiK-  nwoi  » 

fractions  were  obtained  upon  cistillaiiOQ 


6.  lodcnneihyox>*larion  cf  chlCTomethyloctadiene  35  g  of  an  oil  was  obtained  from  22  g  of  the  snbsta^e, 
bO  ml  of  methanol,  23  g  of  mercuiic  oxide  and  35. 5g  of  ioaine,  which  gave  the  following  fractions  upoo^sti  a 
tion  (at  10  mm):  1)  up  to  135 ’-S.S  g.  2)  ISS-ISS^-SS.!  g,  3)  teaduc,  2  g  Yield  of  the  main  fraction.  68^. 

7.  lodoeAox>Tatlon  of  chlceomethyloctadiene.  29  g  of  an  a!  was  obtained  from  20  g  of  the  substance.  50 
ml  of  ethyl  alcohol.  20  g  of  mcicuiic  oxide,  and  32  g  of  iodine,  wnich  was  separated  into  the  following  fractions 
upon  diaillaiion:  1)  up  to  141*-3  g.  2)  141-144*-22g,  3)  rendue,  2  g.  Yield  of  the  main  fraction.  60^. 

IV.  fteparatlon  of  Dienlc  Chloroediers 

In  order  to  prepare  the  dienlc  chloroethets,  the  products  renorted  in  the  previous  section  were  a<ided  In  smaU 
portions  to  a  SS'Js  KCH  solution  taken  in  1.5  excess,  heated  to  boiling.  After  the  additioc  of  all  of  the  substance,  the 
solution  was  heated  for  0.5-1  boui  on  the  oil  bath,  and  the  products  then  aeam  distlUed  Thc  oil  collected  In  the  re¬ 
ceiver  was  separated  from  the  water  layer,  washed  with  a  calcium  cnloridc  soluum,  dried  over  CaCl^.  and  vacuum 
distilled  Yield  of  the  ether  based  on  a  1-2*  fraction  was  40-60^.  Data  are  given  for  thc  disullatlon  of  2-methoxy-3- 
chlwfoheptadlene-1.3.  18  g  of  the  substance  was  obtained  from  40  g  the  lodoethet.  which  was  separated  by  dis- 
uUauon  into  the  following  fracuons  (at  85  rum):  1)  up  to  119*-1.8  g.  2)  119-120*-12  g.  3)  residue  2.7  g. 


The  constants  of  the  dienlc  chloroethers  are  given  in  Table  3,  the  analyucal  dau  in  Table  8.  All  of  the 
substances  have  a  specific  odor,  are  Insoluble  In  water,  and  polymerize  if  stored. 

V.  Preparation  of  Methylalkylchlorounyl  Ketones 

All  of  the  ketones  were  prepared  by  slialdng  the  dienic  chlorocihcrs  with  5-€  times  the  quantity  of 
at  40-50*.  Methoxychloropeniadienc  was  completely  h>’drolyzed  in  1  hour,  meihoxychlorohepiadlcne  in  3-4  hours, 
methoxychlorooctadiene  In  6  hours.  Methoxychloromethyloctadicnc  did  not  read  completely  in  10  hours.  The  com 
pletion  of  the  reaction  was  judged  by  the  fact  that  the  refractive  index  did  not  change  on  further  shaking  with  acid. 

TABLE  7 


Substance  Weight  of  Weight  !  ‘^Cl  ♦! 


1 

sample  (g) 

AgCl  ♦  Agl 

.  Fouixi 

Calculated 

Cl%I-CH(OCH,)-Ca=CH-CH,  .  .  .  ./ 

0.1434 

0.1260 

.  0.2072 

0.1832 

62.05 

62.44 

62.32 
.  62.32 

CH,I-CH(OCH,)-Ca=CH“C,H,  .  .  . 
Cl^I-CH(<X:,H4)-CCl=CH-(il^ _ ■ 

0.1282 

0.1272 

0.1759 

:  0.1654  i 

58.92 

55  84 

j  59.14 

j  56.27 

Cl^I-CH(OCH,)-Ca=CH-C^ _ 

,0.1204 

0.1322 

1  0.15G6  1 

:  0.1724 

i  55.82 
!  56.00 

;  56.26 

i  56.26 

CH,!-CH(CX:iy-Ca=CH-C^H, _ ' 

0.1141 

•  0.1414 

,  53.21 

‘  53.66 

ci\i-CH(Cx:H^-ca=eH-(CH,)k-  i-. 

-CH(CHj), . {  1 

0.1220 

10.1179 

0.1448 
.  0.1391 

'  50.96 
‘  50.66 

1  51.28 

i  51.28 

CH|fr-CH(OC,H5)-Ca=CH-(Cl%),- 

-CH(CH^ . \ 

0.1166 

0.1256 

0.1320 

;  0.1444 

•  48.74 

49.37 

i  49.11 

j  49.11 

The  yield  of  the  ketones  was  50-60^  based  on  thc  fraction  baling  %rtthin  0.5-3  0*.  The  consunts  of  the 
ketones  arc  given  In  Table  4,  analytical  lesulu  in  Table  9. 

Thc  semicarbazones  of  the  ketones  were  obtained  by  ZeUnsky’s  method,  moo  and  dinltrophenylhydrazoacs, 
^  the  usual  method  In  acetic  acid;  they  were  recrystalhzed  from  alcohol  or  dilute  alcohol.  The  melting  points 
of  these  substanc  es  are  given  In  Table  4. 

The  substances  did  not  react  with  fachsine  sulfurous  acid,  and  therefore,  were  not  aldefaydet. 
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TABLE  8 


Substance 

Weight  of 

Weight 

1  ‘55»C1 

Aca  (gl 

Found  ! 

Calculated 

ci^=c(ocFy-ca=cH-ci% .  | 

<*0.1199 

0.1298 

26.78 

26.74 

0.1028 

0.1120 

26.95 

26.74 

CH,=  C(0CK3)-CC1=CH-C,I% . 

0.1128 

0.1104 

0.1084 

24.21 

2L73 

24.18 

22.07 

Cri=C(OC,Hj)-CCl=CH-<^I^ . 

0.1234 

CHj=C(OCiy-CCl=CH-C^ . . 

0.1004 

0.0880 

21.68 

22.07 

C1%=C(0CH,)-CC1=CH-C4H, . .  1 

0.1176 

0.0961 

20.22 

20.30 

0.1157 

0.0940 

20.10 

20.30 

Cl^=C(OCH,)-Ca=CH-(CH,),-CH(CH,)l  •  -  •  | 

0.1054 

0.1212 

0.0786 

0.0892 

18.45 

18.22 

18-79 

18.79 

CH=C(OCiHj)-Ca~CH-tCH^-ClXCH,)l,  .  . 

0.1282 

0.0914 

17.64 

17.49 

TABLE  9 


Substance 

Weight  of 

Weight  ^ 

1 

sample  (s) 

At-a  (8) 

Found 

Calculated 

CH,-CO-CCl==CH-CH, . 1 

0.1380 

0.1156 

0.1630 

0.1383 

29dl2 

29.60 

29.90 

29.90 

CH,-CO-Ca=CH-CeH, . . 

0.1214 

0.1289 

26.27- 

26.75 

CH,-CO-CCl=CH-C,H, . 

0.1339 
«  0974 

0.1296 

0.0942 

23.94 

23.92 

24.18 

24.18 

CH,-C0-CC1=CH-C4H, . . 

0.1224 

0.1285 

0.1072 

0.1108 

21.66 

21.33 

22.07 

22.07 

CH,-CO-CCl=CH-(CI^,-CH(CH,), . 

0.1378 

0.1064 

19.10 

20.30 

By  brooiiiuuon  of  the  ketones  with  the  theoretical  amount  of  bromine  in  chloroform,  their  bromides  were 
obtained,  of  which  only  1  cf»ild  be  disnlled;  the  rest  decomposed  with  the  evolution  of  hydrogen  bromide.  Upon 
reducing  them  with  ziiK  shavings  in  acetic  acid,  in  several  cases  mixtures  of  saturated  and  unsatuiated  ketones 
were  obtained,  whcse  separation  into  components  was  not  attempted.  Tlie  chlorobromo  ketones  were  not  oxidized 
In  the  cold  with  chromic  mixture:  this  led  to  the  conclusion  that  they  did  not  contain  aldehydes  as  Impuiiaes. 

SUMMARY 

1.  The  order  of  addition  of  alkyl  hypoiodites  to  homologs  of  chloroprene  was  investigated,  and  several  of 
these  homologs  were  first  synthesized. 

2.  It  was  shown  that  alkyl  hypaodites  added  ir  the  same  order  as  to  cbloropcene,  predominantly  to  the 
unsubstituted  double  bond. 

3.  A  series  of  dlenlc  chJoroethers  was  obtained  by  the  action  of  alcoholic  alkalies  upon  the  chloroethets: 
2-ipethoxy-3-chloropentadlene-l,3,  2-methoxy-3-chlorohexadiene-l,3,  2-ethoxy-3-chlorohexadiene-l,3,  and  others. 


4.  A  series  of  methylchlcrovinyl  ketones  was  obtained  by  hydrolyuc  cleavage  of  these  ethers.  3<]iloro- 
penten-3'one'2,  3-chlMohexeD  *  3*one^,  and  otheta 
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REACTIONS  OF  ETHER  OXIDES  WITH  NITROGEN  COMPOUNDS 
VI.  REACTION  OF  MEthtlaND  ETHYL  GLYCIDE  ETHERS  WITH  DIETHYIA MINE 


F.  G.  Ponomarev 


In  the  previous  corozminicatioo  [1]  it  w rts  shown  that  methyl  and  ethyl  glycide  ethers  reacted  quite  ener* 
getically  with  ammonia  (In  conaast  to  amides)  12-4]  even  at  zoom  temperature  with  the  forroatloo  of  the 
ccnespondlng  ethers  of  aminopropanediol: 


r*- H,N-Cl%-CHQH-Ci%OR 
NH 

C,^^IH-Cl%OR  - * —  HN(Cl^-CHOH-CI%OR5, 

o  Ln(C1%-CH0H-C1^0R), 

The  present  communication  reports  the  results  of  experiments  on  the  reaction  of  methyl  and  ethyl  glycide 
ethers  with  dietliylaonne. 

The  reaettod  of  methyl  glycide  ether  with  dicihylamlne  has  not  been  reported  In  the  literature,  while  the 
react! oa  of  ethyl  glycide  ether  with  secondary  amines  is  only  mentioned  slightly  [5]. 

Experiments  showed  that  glycide  ethers  react  readily  with  aqueous  solutions  of  diethylamine  to  form  the 
expected  ethas  of  dtethylaminopropanediol: 

(CiH|3,N-CH-CHOH-CI%OCH,  (I);  (C,H5),N-Cl%-CHOH-Cl%OC:il%.  (H) 

In  the  absence  of  water,  these  s'bsunces  do  not  noUceably  react  at  usual  or  elevated  (80^  temperatures. 

Heating  greatly  accelerates  the  reactloa  with  the  aqueous  amine  so  that  the  yield  of  the  diethylamino* 
propanediol  ethers  is  only  slightly  smaller  after  a  3  hour  heating  on  the  boiling  water  bath  then  after  72  hours 
standing  at  room  temperature.  Further  increase  of  the  temperature  to  125-130*  and  of  the  heating  time  to  6  hours 
did  not  give  better  results. 

The  reagents  were  uken  in  a  ratio  of  1  mole  of  the  ether  to  2  or  3  moles  of  diethylamine.  Under  these 
conditions  the  reaction  proceeded  only  in  the  direction  of  the  formation  of  aminopropanediol  ethers  (1)  and  (U), 
aitd  Is  not  accompanied  by  side  processes.  The  reaction  with  glycide  ethers  proceeds  at  approximately  the  ume 
rate  as  with  propylene  oxide  [6]  and  considerably  greater  than  with  mmethylethyl  oxide  [71 

Ethers  of  aminopropaoediol  (I)  and  (H)  which  were  obtained  are  colorless  liquids  with  basic  properties* 
less  hygroscopic  than  the  corresponding  producu  obtained  by  the  reaction  of  the  same  ethen  with  ammonia  [1]. 

The  presence  of  hydroxyl  groups  in  the  aroinoalct^ols  (I)  and  (11)  was  proved  by  acetylation  with  acetic 
anhydride  Relates  were  obtained  from  both  bases,  and  in  addition,  an  ethiodaic  was  obtained  for  amine  (I). 

EXPERIMENTAL 

Glycide  ethers  were  obtained  from  glycerine  c-monochloiohyd/ln  ethers  [8-151  1.2  mole  of  powdered 
potassium  hydroxide.  250  ml  of  absolute  -ther,  were  placed  Into  a  lound-bottoro  flask  with  a  reflux  condenser, 
and  1  mole  of  purified  glycedne  chi'  -  >-drin  was  added  over  a  l.S  hour  period  throigh  the  condenser  in  small 
portions  with  dtaking.  A  sLght  beaii.ig  occurred.  The  mixtum  was  heated  for  1  hour  to  50-60*  on  the  water  bath, 
the  residne  was  then  separated,  washed  with  3  times  with  30  ml  of  dry  ether,  the  ether  was  removed  on  the  water 
bath,  and  the  product  distilled  through  a  three  baU  dephlegmator.  The  yield  of  glycide  methyl  ether  was  651k 
the  ethyl,  63^ 


Reaction  of  Glycide  Methyl  Ether  with  Diethylamine.  Synthesis  of  3-methoyypropanol-2-diethylamliie 
(D  (together  with  E.  F.  Parinova). 

•)  37  g  (0.5  moles  )  of  diethylamine  (b.p.  56-570  in  75  ml  of  water  was  added  with  shakmg  to  15  g  (0.17 


I  no]  -2-i  iethy  lamlne 
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molt)  of  glydde  methyl  ether  (b.p.  110-112*.  L4^.  A  homogenous  colorless  liquid  was  obtained  upon 

mixli.g  the  reagents,  and  the  temperature  rose  from  20-60*  (if  the  mixture  was  not  cooled  with  water). 


Af»r  heating  the  mixture  for  3  hours  on  the  boiling  water  bath,  die  amino  alcohol  formed  was  uhcd  oa 
with  porass'cm  hydroxide,  separated  (upper  layer),  dned  w:di  KOH.  and  vacuum  distllied.  21.5  g 
3-methox>propanol-2-diethylamine  (I)  was  obtained.  Tne  r-cld  here  and  subsequently  was  cakuUtcd  on  the  basit 
of  the  glydde  ether. 

In  two  other  analogctn  experimess  in  which  ttt  beating  was  continued  for  5  hours  at  125-130  on  the  ctl 
bath.  65  and  6n^  of  product  (1)  was  obtained. 

b)  es,5  g  (0.9  mole)  of  dlemylamine  la  134  ml  of  warer  was  added  to  29.2  g  (0.33  molf)  of  the  methyl 
ed>er.  and  the  mixture  aIIo*.ed  to  stand  a:  zoom  temperature  for  72  hours  As  a  result  <rf  tiie  proLessing  a(  the 
product  acaiogOTisly  to  tae  pire-.iocs  exnetiireEt,  30.9  g  (5^^)  of  the  amlnopropanediol  ether  (I)  was  obtained.  If 
the  ATTi .*>--•-*  of  33^  airlrc  was  decre.iaed  fircir- three  to  tw«*  too’es  per  mole  of  ether.and  the  time  of  standing  front 
72  to  66  bocra.  t-*je  neld  of  tr>e  p-od-ict  fell  to  44ik 

3-44ethoxypropaQo!-2'<iiet>-vlainlne  had  the  following  rotistants  after  redlsCllan  ac  in  vacuum: 

B.p.  75-77*  at  6  mm;  dj*  0.9221;  njf  1.4390;  45.95;  calculated  46.25. 

0.1449  g  substance:  8.86  ml  0.1  N  (acco.-dLcg  to  Kjcldahl).  0.1272  g  substa.nce:  7.72  ml  0.1  N 
0.1410  g  substance:  0.2034  g  Agl  (accaeditg  to  Zdsel).  0.1968  g  substance:  11.81  ml  0.1  N 

S&OH.  0.3470  g  suhstanre:  26.49  g  benzene:  .5:  0.41*.  0.4370  g  subrance;  26  48  g  benzene:  At 

0.52*.  Found  N  8.56,  8.49;  CH,0  19.04:  Ori  10.19.  M  163.02.  161.9.  C,HuC^N.  Calculated  V. 

N  8.69;  CH,0  19.24;  Oh  10.54;  M  161.2. 

Tte  arupoalcoao!  ether  obtained  was  a  colorless  Lqttfd  with  a  weak  amine  od  .*,  wV  *'  *  eliowed  slightly 
upon  srarjd:  ng.  It  old  not  disail  ar  atmospheric  pcessure  wlmoct  decomposition.  It  v  .  soluble  In  alcohol, 

etner,  and  dlczane,  pcorly  in  coki,  and  more  so  In  hot  water.  It  rapidly  decolorized  a  •'  solution  of 

b.-ondze  and  petasstum  perrr;a!:gv*ate.  It  reacted  with  metallic  sodium.  It  kept  unchanged  for  a  long  time  in 
closed  vessels.  It  absorbed  nvdsnire  under  usual  rondiaou  is.  the  air.  A  sample  of  0.9718  g  gave  a  weight  inciease 
of  1.6^  after  6  houn. 

The  plcrate  oi  this  aminos lcoLc^  obtained  by  muesg  equimolecular  amounts  of  alcoholic  solutLons  cf  the 
base  and  n.c.ic  acid,  was  a  lemtn  yellow  crysuUlne  substance  which  melted  at  16?*  aftet  r^o  recrystalUzationa 
fmm  water.  The  picrais  was  analyzed  in  the  manner  reported  previously  (1). 

0.1020  g  snbsunce:  10.1  ml  0.1  N  H^SCV  0.1131  g  substance:  11.23  ml  0.1  N  Found 

N  13  86,  13.90.  Cj*Ha<VJ^.  Calculated  V  N  14.35. 

“Thg  ebiodide  of  base  (I)  was  obtained  by  mixing  sohrtlora  of  eqtilmolocular  amounu  of  the  reagents  ?n 
absolute  etner.  Washed  rracy  times  with  ether,  die  ethiodide  melted  at  96-97*.  Coloileo  crysuls,  readily 
soluble  IS.  water  and  alc<dioi. 

0.1942  gsabsunce:  6.11  ml  0.1  N  AgNO^.  0.1168  g  substance:  3.70  ml  0.1  N  AgNO^.  0.1578  g 

substance:  4.94  ml  0.1  N  0. 1440  g  suhsunce:  4.44  ml  0.1  N  l^SO^.  Found  Ik  139.93, 

40.20;  N  4.38,  4.31.  C^l^NL  CalcuUted  Ik  1 40.01;  N  4.41. 

The_aTnfnpalcohDl  hydrochloride  was  obtained  by  the  evaporation  of  a  solution  of  ibe  product  in  dilute  hydro- 
chlonc  acid  oa  the  water  bath,  uid  was  a  visccia,  noncrystalllzing  mass. 

"Die  aali^l^o^l  was  obtained  by  the  acnon  of  acetic  anhydride  on  the  propanediol  ether  (I)  in 

the  presence  of  a  drop  of  sulfuric  add.  It  was  a  colorless  hquid  vrlth  a  specific  odor. 

B.p.  82-S4  at  8  mm:  dj*  0.9817,  1.4340;  Ml^  54.10;  calculated  55.61.  0.1376  g  substance: 

6.78  ml  0.1  N  HS<\.  0.2211  g  subsunce:  6.04  ml  0.1  N  HbSCU.  FouixJ  V  N  6.89,  6.98;  Cult rfVN. 
CalcuUtedV  N  6.89L 

The  accute  was  readily  soluble  in  water;  alcohol,  ani  liisoluble  In  benzene. 

The  aatunoalcohol  (I)  obtained  did  not  give  a  cryst*!!ine  derivative  %ntl  gold  chloade. 
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a)  36.5  g  freshly  distilled  dicihyUminc  was  added  to  17  gt-O.l?  mole)  of  glydde  etiiyl  eihct  (b  p 
124-126*.  ■4V  1.4080).  HeatLng  occarrcd  upon  mixing  (the  teinperatuie  rose  fxtan  18*65^.  When  heated  on  the 
bdling  water  bath,  the  reaction  mixture  was  lim  homogenous,  and  then  separated  Into  two  layers  after  15-20 
minutes  The  upper,  which  «ras  the  aminoalcohol  (II J,  was  separated  after  heating  for  3  hours,  another  small 
layer  was  formed  by  saturating  the  water  solution  with  pota.-aiain  hydroxide  (KOH),  winch  was  combined  with  rise 
Iniaany  separated  one,  dried  with  solid  potasduii)  hydroxide; and  was  vaca>;ni  distilled.  24  g  (80^)  of  3-eiboxy 
propaaol-2-<iiethylamine  (EL)  was  obtained. 

In  Spi^o  analogous  expnrnents,but  with  heaniig  on  a-,  otl  bath  at  125-130*.  62.9^  of  the  reactloa  product 
was  obulned  by  a  5  hour  heating,  and  56^/i  after  1  hour  beating. 

b)  33.6  g  (0.46  mole)  of  dlethylamine  in  69  ml  of  water  was  added  to  23.5  g  (0.23  mole)  of  the  ether, 
and  the  mixture  was  allowed  to  rand  at  room  tcrrpc'-aturc  for  72  bouta.  A^ter  the  corre^onding  process  ng  and 
vacuum  dlstilla'  on,  22.9  g  (5’(^)  of  S-cthoxypropano!  2-drethyIamine  wa<  obtained.  This  amlnoalccdsol  was 
obtained  in  a  yield  of  48^  theory  as  a  result  of  2  hours  sunding  at  roo«n  temperature  and  an  iniilal  eoergetle 
30  minute  shaking. 

The  3-ethoxypropanol-2-dlethylanilne  obtained  had  the  following  constams  after  redistillatioa: 

B.p.  8  i-85*at  6  mm;  dj^*  0.9100:  Cq  1.4390:  MRq  50.25:  calculated  50.87. 

O.IOOS  g  substance:  5.69  ml  0.1  N  H1SQ4  (according  to  Kjeldahl).  0.1198  g  subsunce:  6.03  ml  0.1  N 

KSSC4.  0.1961  g  substance:  0.2597  g  Agl  (accwJlng  to  Zeisel).  C.  1882  g  substance :  10.25  ml  0.1  N 

NaOH.  0.1074  g  o’bstance:  22.82  g  benzene:  At  0.17*.  0  1152  g  substance:  22.82  g  benzene:  Ar  0.126*. 

Found  N  7.9').  '’.88:  C,H|0  25.40*  OH  9.26:  174.7.  Calculated  ‘J.:  N  7.99:  CtH^O 

25.70;  OH  9.70:  M  175.26. 

The  colorless  liquid  with  a  weak  odcu  of  amine. which  yellowed  slightly  on  sunding,  had  an  alkaline 
reacu^w  and  „  'utter  burning  taste.  It  did  not  dlsUU  at  'onlinary  pressure  without  decomposiilon.  It  was  readily 
soluble  in  atco!«ol,  ether,  and  dloxaue.  powly.  in  cold  and  more  so  in  hot  water.  It  rapidly  decolorized  a  chlorcforro 
solution  cf  bromine  cod  a  potassium  pernr.anganate  s<)lutioa,  reacted  with  metallic  sodium.  It  absorbed  moisture  under 
the  usual  conditions.  A  sample  of  0.97CJ  g  of  the  substance  gave  vcight  increase  of  l.sqk  after  6  hours. 

The  picrate  of  the  aminoalcohcl  «as  a  Ugh:  yellow  crystalline  substance  with  m.p.  83* (from  water). 

0.1203  g  substance:  11.03  ml  0.1  N  f^SQ^.  C,1152  g  substance:  10.41  ml  0.1  N  Found  V 

N  12.8-1,  12.65.  Cj^(VJ4,  CalcuUted  N  13.85. 

The  plcr-ie  contained  less  nitrogen  then  required  by  theory.  Apparently,  it  crystallized  with  two  molecules 
of  wau.r  which  were  stably  held  and  were  uot  given  off  even  upon  prolonged  standing  in  a  desicc-ator  ove:  H||50|| 
and  upon  headng  in  a  drying  cabinet  at  80-90*. 

The  ethiodlde  of  the  base  preclpiuiod  In  the  form  of  a  non-cry suUtzing  oil. 

The  chloroauiate  of  the  base  gave  a  lower  percent  of  gold  upon  analysis.  It  could  not  be  pudted  any 

further. 


The  acetate  of  the  aminoalcohol,  obtained  under  the  same  copdiUoru  as  the  aceute  of  aroiooslcobol  (I), 
was  a  colorless  liquid  with  a  specific  odcr.  it  was  readily  soluble  In  w^tet,  alcohol,  and  ether. 

B.p.  95-97*  at  8mm.d4*  0.9420;  cJJ  1.4370,  Ml^  60.39:  calculated  60.24,  0.1165  g  subsunce 
4.50  ml  0."  N  i^SO^ (according  to  if  jcldahl).  C.1062  g  substance:  4.16  ml  0.1  N  Found  V 

N  5,41.  5.48.  Cuf^C^N.  CalcuUted  flfc:  N  6.44. 

The  acetate  was  not  completely  pure  and  contained  a  lower  penrent  of  nitrogen  than  required  by  theory. 

It  could  not  be  puHfLed  any  further. 

SUMMARY 

1.  The  reaction  of  glyclde  methyl  and  ethyl  etheis  with  aeneous  dlethylamine  was  studied. 

2.  The  following  produc.ts  of  these  reacuoits  were  obtained  chaacteiized:  3  me ihoxy proparol  2-  ^  ' 

diethylaroine,  3-cihcxyp:opaiol-2-diethylamir*e,  ihcif  -acetates  and  several  salts.  •_ 


3.  Ir  was  shown  that  glydde  cdiei  lesaroblcs  propylene  ond:  in  activity  and  reacnoa  with  diediylainlne. 


and  are  considerably  more  active  then  tilajethyleibylcac  oxide. 
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CONDENSATION  PRODUCTS  OF  TRIARYLCARBINOL  WITH  l-PHENYL-3- 

METHYLPYRAZOLONE-5 


O.  F.  Ginzburg  znd  V.  R.  T^--  hkfn 

As  Is  known,  tiiphenylcaiblnol  possesses  a  very  labile  hyidrcxyl  group,  and  Its  basic  properties  are  expressed 
to  a  considerable  extent  [ll  The  basic  properties  are  expressed  to  a  greattJr  extent  In  dedvatives  of  tdphenylcaioinol 
containing  a  subrntuent  of  the  primary  type  in  the  para  position  to  the  central  carbon  atom.  Especially  active  arc 
the  hydroxyl  groups  in  carlanol  compo>inds  obtained  from  the  basic  tr* phenylmethane  dyes,  which  Is  expressed,  in 
particular,  in  reaction  of  these  substances  with  compounds  conialnrrg  lah’le  hydrogen  atoms  and  methyl  and  methylene 
groups.  It  IS  known,  for  example,  that  tdphenylcatbinol  itself  reacts  with  malonic  ester  to  form  trlphenylmethylmalonic 
ester  p].  Recently.  A.  N.  Nfrsmeyanov  cM  coworkers  showed  that  4,4*,4*-hexamethyltiiaminotnphenylcarbinol  or  its 
methyl  ether  participates  in  a  condensation  rc.iction  with  nirmmethane  and  alii>haiic  aldehydes  to  form  compounos  in 
which  theu^is(pdimethylaminophenyl)methy*  ladical  bound  to  the  aldehyde  or  nitiometbaae  readue  is  very  labile  Pl 

In  die  present  Investigation,  ii  was  dec  ded  toexamine  ths.  ability  of  several  c-arbino!  compounds  and  their 
methyl  ethers  to  participate  in  condensation  rcacdoos  with  i-phenyl-S-meihylpjnazolonc-S  which,  as  Is  known, 
comains  very  active  hydrogen  atoms. 

The  experiments  conducted  showed  that  4, 4"  -tetramethyldiairinodipbcnylcarhinol,  4,4’-tetrameihyldiamlno- 
irfphenylcarbinol,  and  its  methyl  ether,  as  well  as  4'dimethylaminoniphenykarbinol  methyl  ether  readily  participate 
in  condensation  reactions  with  l-phenyl-3-methylpyT3zolone-5.  Thus.  £or  example,  ever  upon  heating  the  above 
compounds  vrith  l-phenyl-3-meihyl pyrazolone-5  in  methyl  alcohol,  lightly  colored  condensaaon  products  are  formed 
which  gradually  precipitate  from  the  solution.  Upon  heating  4,4*,4’’-hexamethylmaminoir:phenylcarbinol  with  1- 
phenyl-3-methylp>'razok)ne-5  in  methyl  alcohol,  only  an  intensely  violet  colordd  soluuon  forms  from  which, 
however,  the  reaction  product  does  not  precipitate. 

A  study  of  the  properties,  as  well  as  the  analysis  of  the  products  obtained  showed  that  these  substances  possess  j 
the  following  suuctures: 


(I)  KCH,),  (ID  N(CH0,  (HD 


It  must  be  mentioned  that,  under  the  above  cordiuons,  tilphenylcarbinol  docs  not  parucipaie  in  a  condensa- 
uon  reaction  with  l-phenyl-3-mcihylpyrazolanc-5  because  of  the  insufficient  basicity  o^triphcnylcarbinol. 

The  compounds  synthesized  have  Jie  abiUty  to  dissolve  in  *  ._.ous  alcoholic  alkali  solutions  because  of  the 
presence  of  the  l-phenyl-3-roethylpyrazolone-5  residue  in  them,  frorn  which  they  are  p^erpttated  by  careful  acidifica¬ 
tion  with  acetic  acid.  These  compounds. hke  the  products  of  the  v»J^•Oensaoon  of  4,4’,4**hcx4methvltriaminotrli;iienyl- 
carbinol  with  aliphatic  aldehydes  and  nitroroeihane,  reported  by  A.  N.  Nesmeyanov  and  coworkers  [31  arc  subjected 
to  acidolysis.  Thus  for  example,  'uluUons  of  the  color  of  the  corresporKling  dye  are  fo«med  by  the  action  of  accoc 
acid.  However,  tlie  decomposition  of  tnese  compounds  abo  occurs  upon  sol jaoc  in.  certain  aprouc  polar  solvents 


Thus  for  example,  a  solution  of  color  corresponding  to  the  dye  is  formed  by  dissohlng  compounds  (II)  and  (01)  in 
nitrobenzene,  while  compound  (I)  decomposes  not  only  in  nitrobenzene,  but  also  in  chloro-  and  bromobenzene.  As 
an  example,  absorption  spectra  of  malachite  green  and  compound  (I)  in  niuobenzene  are  given  In  Fig.  1.  Compari¬ 
son  of  these  absorption  curves  shows  their  identity.  Thus,  since  the  color  of  solutions  of  malachite  green  Is  caused 
by  the  presence  of  cations  of  the  dye,  Aerefore,  compound  (I)  has  these  same  canons  In  nitrobenzene.  The  dissocU- 
f  compounds  (I),  (II),  and  (II!)  into  ions  occurs  in  Ae  %*mc  manner  in  a  series  of  polar  solvents,  and  the  dissoda- 


uon  ot 


tion,  for  example,  <rf  comj)ound  (1)  may  be  described  by  the  following  et^uations: 
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CH-  C 
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'i  I 

<CH-  C 


CH, 

kcH^x  MICH,),  I  : 

More  detailed  study  of  nitrobenzene  solutions  of  compounds  (I)  and  (11)  shov;ed  that  the  Associadoa  of  these 
compounds  is  not  complete.  The  degree  of  dissociation  of  compound  (I)  in  nitrobenzene  war  calculated  by  the 
detenr...naaon  of  Ae  concentraaon  of  dye  cations  A  Ae  nitrobenzene  solution  of  known  concentration  of  compound  (0 
from  Ae  intensity  of  absorption.  Measurement  of  Ae  intensity  of  absorption  of  the  same  niuobenzene  solution  of 
compound  (I)  at  vadoas  intermediate  times  showed  Aat  its  dissociation  in  nitrobenzene  proceeds  comparatively  slowly. 
Data  characterizing  the  change  of  Ae  degree  of  Association  with  time  of  compound  (I)  in  niuobenzene  soludoo  it 
given  below,  where  the  time  is  given  from  the  moment  of  the  first  measurement. 

T/  CLE  1 

Change  of  Ae  Degree  of  Dissociation  of  Compound  (I) 


Time  (in  minutes) 


Dcjree  of 

dissociation !  00  30  57  89  119  149  ISe  209  239  279  300  1202 

il 

3.83  ;5.30'6. 11  7.76  8.56 ’^.73  11.0  11.9  13.1  13  5  14.0  19.4 

The  same  picture  is  also  found  upon  Ac  study  of  Ae  Assoclauoo  of 
Compound  (II)  in  nitrobenzene.  It  roust  be  mentioned  that  Ae  Assoaation  of 
compound  (II)  proceeds  considerably  more  slowly  Aan  that  of  compound  (I) 
(Fig.  2).  Since  Ae  accumulaucn  of  colored  cation  In  the  nitrobenzene  solu¬ 
tions  decreases  gradually  in  boA  cases,  it  must  be  supposed  Aat  finally,  an 
cquilibnum  between  the  Associated  a>ul  unAssociaicd  parts  of  compounds 
(I)  and  (II)  is  reached  m  Ae  solution. 

EXPERIMENTAL 


A./I 

Fig.  1.  Absorption  specua  of 
malachite  green  hydrAodlde 
and  compound  (1). 

1)  The  hyAoiodide;  2) 
compound  (1). 


1.  4,4*-Tetraroethyldlaminotriphenyl-(l-phenyl-3- 
methylpyrazolone-5-vl-4)metha ne  (compound  I  ) 

a)  5.CG  g  of  4,4’-tetramethylAamir:uiphenylcarhinol  methyl  ether  was  added  to  a  solution  of  7.50  g  of 
l-phenyl-3-ir.eihyIpyrazolonc-5  A  40  ml  ctf  roeAyl  alcohol,  and  the  mixtute  was  refluxed  for  4  hours  In  a  flask. 
After  coolAg.  Ac  nrc^ipitatc  was  flltcied.  tUrcughly  vaAed  with  alcohol  and  benzene,  and  dried  in  a  vacuum 
desiccator  over  roiassiuro  hyAoxfde  TV  compound  outlined  melted  with  decompounon  at  162-165*.  Yield 
6.37  g  or  91. cf  Ae  Aeoretical  based  on  malachite  green  methyl  ether. 
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4.32 

0.5040 

2.50 
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0.6430 

2.48 
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0.8412 
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0.7528 
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0.8730 

,  1.086 
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6.90 

0.9020 

2.62 

300 

0.8997 

;  1.119 

13.88 

Fig  2  a 

8.35 

1.0201 

2.44 
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1  2447 

1  1550 

19.40 

of  dlssoci 

8.64 

1.1093  , 

2.58 

• 

J _ L. 


Iimts 


b)  0.5  g  of  4,4*-tetraraethyldlaminotiiphenylcarblnol  was  added  to  a  solution  of  0.75  g  of  l-phenyl-S'i*x.tLyl- 
pyrazolone-5  In  20  ml  of  methyl  alcohoL  The  solution  obtained  was  refluxed  for  2  hours.  After  cooling  the  pre- 
cipiute  was  filtered,  tt^roughly  washed  wiUi  alcohol  a^d  benzene,  and  dried  in  a  drying  chamber  at  80*.  The 
compound  obtained  melted  with  decomposition  at  Yield  0.46  g  or  66.3*3^  of  the  theoeedcal  based  on 

4,4'-tctramethyldiaminotriiAienylcarbinol. 


0.1424  g  substance:  0.4J05  g  CC^;  0.0905  g  1%0.  0.0637  g  substance;  6.20  ml  Nt  (22*.  761  mm). 

0.0778  g  substance:  7.81  ml  N,  (24*.  758  mm).  Found  C  78.62;  H  7.11;  N  11.20,  11.40. 

CpHj^ONV  Calculated  ‘?>:  C  78.8^;  H  6.82;  N  11.14. 

Determination  of  die  absorption  coefficient  of  a  nitrobenzene  solution  o'  malachite  green  hydroiodide.  All 
of  the  spectrophotomeuic  measurements  were  effected  the  Koenig-Klarteru  speciicphoiometer.  Malachite  green 
h^’drolodlde  was  prepared  by  the  decomposition  of  4.4*-te!rar)ethyldia.Tinotxirhenylcarbinol  methyl  ether  with 
methyl  magnesium  iodide.  A  solution  of  malachite  green  hydro^odidc  fc  -utrobenzene  was  prepared  and  intensity 
of  absorption  E  of  these  solutions  at  X  =  630  m  p  anr<  S  cm  layer  thickness  was  measured.  The  absorption  coefficient 
was  calculated  on  the  basis  of  the  data  obtained  (Table  2). 


Determination  of  the  degree  of  dissoaatlon  of  4,4'Hetraiiieihyldiaminotripheiiyl-<l-pherjyl-3-meibylpyrazolone 
5“yl-4)-me thane  In  nitrobenzene.  A  sample  of  compound  (1)  was  ground  with  a  small  amount  of  nitrobenzene,  and 
the  mixture  was  washed  into  a  50  ml  volumetii:.  flask.  The  contents  of  the  flask  were  sliaken  until  complete 
solution  of  compound  (I),  and  the  solution  was  brought  to  the  mark:  then  a  solution  was  prepared  by  subsequent 
dilution, the  concentration  of  which  was  8*  10'*  moles/liter.  The  intensity  of  absorption  of  the  solatloo  was 
measured  periodically  at  X  =  630  mp,  and  5  cm  layer  thickness.  The  recerding  of  the  time  is  given  from  fiie 
moment  of  the  first  measurement.  The  solution  was  kept  at  21  40.5*.  The  absorption  coefficient  from  the  data 
of  Table  2  was  taken  to  be  equal  to  1.60  •  10*.  The  results  obtained  are  given  in  Table  3. 


II.  4-Dlmethylaminotriphenyl-(  1 -phenyl -3 -methvlpyrazol on e“5-yl«'4)>m ethane 
(Compound  II) 

2.30  g  of  4-tiiroethylamlnociphenylcarbinol  methyl  ether  was  added  to  a  solution  of  1.27  g  of  l-phcnyl-8- 
methylpyrazolone^  in  50  ml  of  methyl  alcohol,  and  the  mixture  obtained  wa*  refluxed  ftw  6  hours  L«  a  flask.  The 
solution  was  colored  red,  and  a  voluminous  precipitate  formed  at  the  end  of  tne  beating,  the  follovdng  day, 
the  lesidue  was  filtered,  thoroughly  washed  with  alcohol  and  benzene,  and  dtied  in  a  drying  cabinet  at  85*.  2.61  g 
of  a  product  with  m.p.  179-180*  was  obtained.  Yield  11.5^  of  the  theoretical  based  on  the  surfing  methyl  ether 
of  4-diinethylaminotriphenylcarbinaL 

0.1402  g  subsunce:  0.4147  g  CC^;  0.0824  g  1%0.  0.0899  g  substance:  7.40  ml  (21*,  757  mm). 

0.0698  g  substance:  5.86  ml  1^  (22*.  763  mm).  Found  C  80.67:  H  6.57;  N  9.46,  9.64. 

Calculated:  C  81.00;  H  6.36;  N  9.48. 
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a 

0.0 

j  0.4519  i 

1  3.65  1 

0.20 

0.5 

0.55S3 

4.50  1 

0.25 

1.2  j 

1  0.76 1£ 

!  6.15  j 

0.34 

1.8 

1  0.9531 

I  7.69  ! 

0.42 

2.5 

I  1.2613 

10.30  1 

0.57 

31.0 

0.S363* 

67  5 

3.73 

55.0 

0.9602* 

77.5  j 

4.29 

101.0 

1.0291* 

82.6 

4.56 

bgiizcne  solutioo  of  4-diroethyUroiaCTriphgDv!c«rblnol  picrtte. 
A  cf  soluacm  of  4-din:ethylAnuDOCiipheiiylcarblaol 
picr*te  in  iltrobcnzcae  were  prepared  and  the  Inteiulty  ct 
absorpaon  £  for  these  solutioof  was  measured  at  X  *  500  mp, 
and  5  cm  layer  thickness.  The  absorpden  coefficient  K  was 
calc  Jatea  oa  me  basis  of  the  dau  (Gained.  The  soludoo 
of  me  (Aerate  In  ninobenzene  was  effected  In  red  Ugbt 
(Table  4). 

Dete^minac-on  of  the  degree  of  dissociatioa  of  4- 
d:trethvIair:~or:ityie~NWl-P''''e-\l-3-methyl?y;a20bne- 
5">l-4Hre:''s^e  If:  rsr obe^rer-e.  A  weighed  sample  of 
cr.rrnat-iuJ  (U)  was  g-ouad  with  a  stralJ  amount  of  nitro¬ 


benzene.  the  mlxime  wasiied  i:io  a  tolan^uic  flaiK.  The  coMenti  of  the  flask  were  ir*aken  umit 

complete  solution,  'of  the  compound  f.T).  A  sol'jtiOD  was  prepared  by  stisequeni  dilu¬ 
tion,  whose  concentration  was  equal  to  l.Sl  •  10"*moles  'Ii?e».  Tr,e  p'cpaiatio!:  o!  the  solution  was  effected  In  red 
light.  The  intensity  of  absorptla:  ^as  measured  periodically  at  X  =  500  irp  acd  5  cir  layer  ihickr.ess.  The 
recording  of  the  troe  was  started  from  the  moment  of  the  first  ir*asurerrent.  Ihe  soludor.  was  kept  at  21j^0.5*. 
The  absorpeon  ronsunt  was  uken  to  be  erual  to  2.50*  10*  ^ocn  the  data  in  Table  4.  The  dau  obtained  are  given 
in  Table  5. 


III.  4y4*-Tetrairethyldlairlnodi  pheny  1-f  1-phenv  l-3-tret  h  ylpyrazolone-S-yl- 4  >-m ethane 
fCompoucd  III) 

1.00  g  ci  4.4xet;ametbyldiamiiu)diphenylcarlAno]  and  0.68  g  of  l-phenyl^-fnethylpyrazoloae-5  were  dissolved 
ir.  30  ml  of  csemyl  alcohol.  Tee  solnn  on  was  refluxed  for  2  hours  on  the  water  bath  in  a  flask.  Cfc  the  f olloyring  day, 
the  preciptute  woleb  formed  was  Altered,  thoroughly  was^tcd  with  alct^l.  and  ditled  In  a  drying  cabinet  at  90*.  The 
subsunce  irehed  with  decoo-posliloin  at  193-194*.  The  melting  point  did  not  change  after  recrystallization  from 
akobol.  The  compound  obtained  was  identical  witii  4.4Metramethyldiaminodlphenyl-(l-pheny^‘3-fnethylpyiazolooe-  5 
yl-4)-methane  synthesized  by  Kehlstadt  [4]. 

SUMMARY 

The  4.4'>(etume:h>ldi4miqodiphenylcarbinol.  the  methyl  ether  of  the  4-tetramethyldlaRiinotilphcnylcaiblnot 
the  4.4*-tetraniethyldiaminotnpbecylcarbinoX  and  its  methyl  eter  condense  leadily  with  l-phenyl-S-tnethylpytazolone. 
When  dissolved  in  polar  solvents,' the  products  of  condensation  dissociate  into  ions’,  and  the  cations  formed  axe  iden¬ 
tical  to  those  formed  by  the  corresponding  dyes  dissolved  in  the  same  solvents. 
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"fiefore  the  determination  the  solution  is  diluted  10  times. 
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REACTION  OF  CYCLOPROPANE  HYDROCARBONS  WITH  SALTS  OF  MERCURIC  OXIDE 


n.  NEW  ORGANCH-IEaCURT  COMPOUNDS  FROM  1.1.2.2-TETRAMETHYICYCLOPRDPANE 


VL  Ta.  Levina  and  V.  N.  Kostin 


In  tiic  previous  cofrrcaolcaaac  [1]  one  of  the  anthers  (together  with  B.  M.  Gladshteia)  disclosed  the  disceveryof 
a  reaction  opening  the  three  inerobered  ang  unde;  the  action  of  salts  of  tnercuric  oxide. 


H.0 


C— C— C  4  HX 

ilH  HgX 


The  reacnon  of  1,1,2^-tetrainethylcyclopropane  (A)  %riih  merciLlc  acetate  and  chlcn.de  in  aqueous  solu¬ 
tion  was  studied;  a  detailed  invesugatlOD  of  tfte  reaction  products  showed  that  the  opening  of  the  ang  occurs  between 
alkylated  and  the  inxalJkylated  carbon  atoms  (upon  link  1,2)  and  leads  to  the  formation  of  3-hydroxy-2  2  S-olroethyl- 
butyl  mercuric  acetate  (1)  and  3-byd:oxy-2.2,3-tiiroethylbutyl  metcude  chloride  (E)  respectively: 


r 

cl _ Lc 


\:h. 


CH,-C— V— ci% 

I  I 

OH  HgOCOCH, 

ci%— c— cn 

i>H  Jiga 


Therefore,  this  reacdon  is  a  method  for  the  syntheds  of  a  new  type  of  compound,  y-raeicurated  alcohols, 
whose  preparation  can  serve  as  a  method  of  ideadEcadoa  of  the  cyclopropane  series  of  hydrocartxns. 

Is  the  present  Invesdgatioc.  the  method  for  the  {reparation  of  3‘hydraxy2.2,3-triroethylbutyl  mercude 
acetate  (I)  was  improved,  and  toe  corresponding  roethoxy  and  ethoxy  compounds  were  obtained  by  the  reacdon 
between  1,1,2  2''emroethylcyclopcopane  with  mercuric  acetate  in  methanol  and  ethanol:  3-4T)ethoxy-2,2.3’* 
tnme  hylbutyl  mercuric  aceute  (VII)  and  3'«tboxy*2,2,3'trimeihylbutyl  mercuric  acetate  (XEI). 

CH| — i - CH,  (VE) 

cx:h,  Hgccoci^ 


cx:h,  Hg( 

■C - CHj 

OCtH,  llgC 


OCOCH, 


F-^rh  of  the  acetates  obtained  (I,  VE.  XIIQ  was  transformed  by  the  a>.tion  of  porasslum  ch^onde,  bromide, 
iodide,  cyanide,  and  thiocyanate  (with  cooling  and  using  equlmoletular  amounts  of  the  reacting  sobstancos)  Into 
the  chloride,  bromide,  iodide,  cyanide,  and  thiocyanate,  respectively: 


(I)  CH,-C-^— CH 

CH, — c-^— Cl% 

(C^) 

OH  HgOCOCI% 

OH  HgX 

(vu) 

J 

CH,-C 

OCH|  HgX 

(VTE-XII) 

OCH,  HgOCOCI% 

(xnj)  a%— <!:  ci%  - • 

^  cn— c— ^ - Cl^ 

(XiV-XYIE) 

t^oroci^ 


(where  X  CL  Br.  I.  CN,  CN^. 
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The  action  of  a  syrnroetiical  agent,  an  alkaUne  solution  of  sodium  sunnlte.  upon  3-bydioxy-,  S^ethoxy-, 
and  3-cihoxyz.lkyl  mercuric  accute  resulted  in  the  preparation  of  di-(3-hyd:oxyalkyI)  mercury  (XlX),  di-(3-roeihoxy- 
alkvl)mercury  (XX),  and  di-(3-e±oxyalkyl)roercury  (XXI)<sllcyl  =  2,2.3-ttirocthylbutyl).  respectively. 


2CH,-C 

OR 


H,  *  Ka^C^  <*>  1^0 


HgOCOCl% 


CI^  Hg  ♦Hg  ♦2a%C0C»la  ♦HbSnO^ 

V  no 


(where  R=  H.  Cl%,  C,l%). 

All  of  the  organo-roercury  compounds  obtained  are  being  reported  for  the  first  time,  with  the  except! on  of  (1) 
and  (II }  which  were  reported  in  die  previous  communication. 

EXPERIMENTAL 

l,l,2i2-Tetraro£iUylcyclopropane  (b.p.  75.2*  at  750  mm,  1.4003;  d^  0.7185)  was  obtained  bya  method 
previously  developed  by  the  authors  [2]  from  2,4-diroethyIpenadiete-1.3. 


Below  arc  given  methods  for  tie  preparation  of  the  new  orgmc-rrercuiy  compound  from  tctrarocthylryclo- 
propanc;  tbeir  yields,  mclnng  points,  and  analyses  for  the  mcrcu'v  content  (and  in  isolated  cases  for  carbon,  hydrogen, 
and  nitrogen)  are  given  in  the  Table. 

Preparation  of  3-Kydroxy-2,2.3~trimeth>lbutyl  Mercuric  Acetate 

12.8  g  of  tetraroethylcyclopropane  was  added  to  a  filtered  solution  of  41.6  g  of  mescuiic  acetate  In  150  ml 
of  distilled  water.  The  reaction  mixture  was  left  to  tur.d  fo^  6  days  (in  a  closed  bottle)  at  ”*5*  with  periodic  shaking. 
At  the  end  of  the  reaction  (dlsaj^arance  of  the  hydrocarbon  layci  and  tne  absence  of  the  mercuric  salt  in  the  sclu* 
non),  the  organo-merciry  compound  parUallv  separated  In  the  form  of  coarse  white  crystals.  The  larger  part  of  the 
water  (4/5  of  the  volume)  was  vacuum  disalled  from  the  solution  at  t  mm;  the  main  mass  of  the  crystals  (not  con¬ 
taining  impurities  of  mercuric  or  mercurous  salts  accccding  to  the  reaction  with  alkali  and  ammonia)  came  out  of 
the  residue  upon  cooling  with  ice.  ivhich  was  recr^’suUized  from  heptane. 

341ydroxy-2,2,3-trimethylbutyl  mercunc  acetate  was  readily  soluble  in  the  cold  in  ether,  acetic  acid,  chloco- 
form,  dioxane,  and  acetone. 

Preparation  of  3-Metnoxy-  and  3-Etboxy-2.2.3-trlmetbylbutyl  Mercuric  Acetates  (Vll) 
and  (XIII) 

The  reaction  between  tetramethylcyclopropane  (6.6  g)  and  a  solutlco  mercuric  aceute  (2u.8  g)  in  absolute 
methyl  alcohol  (200  ml),  as  well  as  In  absolute  ethyl  alcohol  (630  ml*),  was  effected  with  the  same  method  used 
above  for  the  p^paratlon  of  preparation  (I).  The  reaction  time  was  3  days.  After  the  removal  of  the  alcohol  in 
vacuum  from  each  teacticxi  mixrjre,  a  viscous  oil  remained  which  was  dissolved  once  mo>^e  in  absolute  ether,  the 
solution  flhered,  and  the  ether  removed  in  a  stream  of  nicogen  at  reduced  presurc.  The  oil  obtained  vas  dried  In 
a  desiccator  over  fused  calcium  chloride  ex  phospnorus  pentoxide. 


The  roethoxy  compound  crystallized  after  standing  fex  2  days;  the  ethoxy  compound  was  a  non'crystalline 
viscous  oil.  Both  compounds  were  readily  soluble  in  ether. 

Substitution  of  the  Acetate.  Group  of  3-Hydroxy-,  3-Methoxy*,  and  3-Ethoxy“2,2,3- 
tri roethylbutyl  Mercuric  Acetate  by  a  Chloride,  Bromide,  Iodide,  and  Cyanide  and 
Thiccyanate  Group  [.31 


A  cooled  aqueous  solution  (20  ml)  of  an  equimolecular  amount  of  potassium  chloride  (0.75  g),  or  luomlde 
(1.19  g),  iodide  (1.66  g),  cyanide  (0.65  g),  and  thiocyanate  (0.97  g)  was  added  gradually  with  continuous  stirring 
to  an  ice  cooled  solution  of  3-hydroxy-2,2,3-trlmethylbutylroetcudc  aceute  (3  74 g  0.01  mole)  In  water  (150  ml). 

In  all  cases  crystalline  precipiutes  formed  which  were  recrysullized  from  petroleum  ether  after  washing 
with  water  and  alcohol,  and  drying  In  a  deaccator  over  calcium  chloade.  Since  3-methoxy-  and  3-ethoxy^,2,3- 
tzimethylhutyl  mercuric  acetates  were  poorly  soluble  In  water,  the  solatlor;!  of  the  potassium  were  added  with 
continuous  stirring  to  water  emulsions  (110-150  ml)  of  the  roethoxy-  or  the  eihoxy*compourd  (0.01  mole);  the 
reaciioD  mixture  was  then  stirred  for  3-4  hours  mote.  The  3'^ethoxy  and  3-ctboxya)kyl  mercuric  salts  obtained 

•  Mercuric  acetate  Is  less  soluble  In  ethyl  alcohol  than  In  methyl. 
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Organo-Mcrcury  Compounds  of  the  Structure 


Expt. 

R 

X 

'  Substance 

*  (Alkyl  =  2,2.3<rimethyil*utyi) 
i 

■m.p.  cq 

^ield  (in 

A  n  a  1  y 

sis 

i 

i 

• 

‘J*  of  the 

itheore- 

dcal) 

Weight  of  {HgSfg) 

1  sample  (g)| 

^ _ 

Calc. 

I 

H 

j  OCCXH,  3-Hydroxyalkyl  mercuric  accfatc 

1  < 

"0-70 

64 

0.3458 

1 - 

;0.2154 

‘  53.71 

53.55 

11 

H 

|C1 

"  .  chloride 

11^.  -in 

92 

0.3147 

0.3215 

•0.2084 

0.2190 

57.10 

’57.12 

i  57.13 

1  _ 

m 

H 

4 

k 

i" 

1 

1 

*  •  bromide 

1 

;  123.5-124.5 

,  90 

1 

,  0.2924 
;  0.3005 

.0.1722 

jO.1772 

50.78 

50.84 

50.70 

IV 

H 

i' 

1  •  •  iodide 

102-102.5 

85 

*  0.2514 
0.2613 

|o.l722 

|0.1336 

45.37 

45.70 

45.32 

V 

H 

CN 

■  •  cyanide* 

95.5-96 

96 

0.2465 

0.2543 

0.1677 

0.1731 

58.66 

58.69 

58.72 

VI 

H 

CNS 

"  •  thiocyanate 

73-73.5 

93 

0.3244 

0.3152 

0.2067 

0.1956 

53.70 

53.51 

53.68 

vu 

CH, 

CXICXIH, 

S'Mcthoxyalkyl  mercuric  acetate 

31.5-32 

'll 

0.3103 

0.3032 

0.1844 

0.1803 

51.24 

51.44 

51.62 

vm 

CHg 

1 

a 

"  •  chlcdde 

103-103.5 

90 

0.3310 

0.3143 

0.2098 

0.1994 

54.65 

54.70 

54.94 

IX 

CH, 

Br 

■  •  bromide 

133-133.5 

91 

0.3458 

0.3269 

0.1956 

0.1844 

48.77 

48.63 

48.97 

X 

CH, 

I 

■  "  iodide 

147-147.5 

85 

0.2844 

0.2645 

0.1446 

0.1341 

43.84 

43.71 

43.93 

XI 

CH, 

CN 

•  •  cyanide 

53-54 

90 

0.3005 

0.3140 

0.1979 

0.2062 

56.81 

56.64 

56.41 

XU 

CH, 

CNS 

•  •  thiocyanate 

91-91.5 

85 

0.3341 

0.3298 

0.2010 

0.1975 

51.90 

51.64 

51.74 

xm 

CfH, 

OCOCH, 

3-£thoxyaIkyl  mercuric  acetate 

Oil 

56 

0.2148 

0.2312 

0.1241 

0.1330 

49.81 

49.60 

49.82 

XIV 

C,H, 

a 

.  •  chloride 

58.5-69 

75 

0.2403 

0.2269 

0.1467 

0.1392 

52.64 

52.90 

52.91 

XV 

CfH, 

& 

■  •  bromide 

61-61.5 

72 

0.21C8 

0.2255 

o.iiec 

0.1239 

47.45 

47.37 

47.35 

XVI 

C,H, 

I 

•  •  iodide 

66-66.5 

70 

0.2351 

0.2041 

0.1161 

0.1033 

42.48 

42.64 

42.62 

xvn 

C»H, 

CN 

■  •  cyanide 

ai 

66 

0.3042 

0.3101 

0.1921 

0.1953 

54.45 

54.35 

54.27 

xvin 

C,H, 

CNS 

■ac* 

VJ 

■  •  thiocyanate 

80.5-81 

82 

0.3207 

0.3210 

0.1848 

0.1849 

49.70 

49.67 

49.94 

XIX 

H 

T 

r/ 

1 

Di-(  3-hydroxy  alk  yl)ro  ere  urv 

113-114 

90 

0.2831 

0.2799 

0.1533 

0.1510 

46.70 

46.52 

46.58 

XX 

CH, 

Dl*(3-ire  thoxyalkyl)mercury 

59«9.5 

85 

0.2948 

0.2869 

0.1492 

0.1457 

43.64 

43.80 

43.74 

XXI 

/ 

CfH, 

X 

1 

1 

yo 

'c  1 

Di  -fd-ethoxyalky  l)roercury  •  • 

52-62.5 

82 

0.2801 

0.2748 

0.1341 

0.1321 

41.28 

41.44 

41.22 

•  Found  N  4.48,  4.38.  Calculated^:  N4.10. 

••  Found  C  44.63,  44165;  H  7.88,  8.02.  CalcuUted  •%'.  C  44.38;  H  7.80. 
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were  recrj'siallized  from  petroleum  ether  or  alcohoL 

SNTPmetrizatloa  of  3-Hv^rorv’-.34>lethoxv-.  and  3-Ethoxvg.2.3-clrrethylb».>ty!  Mercuric  Acetat^p], 

A  solution  prepared  from  23  ml  of  a  40^  sodium  h>Tfroxide  solution  and  10  g  of  SaClt*2H|Oin  5  ml 
of  water  wa»  added  with  continuous  effrclent  stinlrig  to  a  soLiUoc  of  the  hydroxyalkyl  mercuric  acetate 
(I;  6  g)  or  to  an  eroulsiac  of  the  metboxy  alicyl  roercuwC  acetate  6.1  g)  aird  d»c  ethoxyallcyl  mercuilc 
acetate  (XHI;  6.4  g)  In  water  (60  tri).  Tne  mixture  was  stirred  for  one  hoar  more:  dje  dark  precipitate  was 
filtered,  washed  with  water,  and  extracted  with  acetoiie.  Water  was  added  to  the  acetone  solution  until 
cloudiness  appeared.  The  crystals  which  separated  oc  coohitg.  were  d-ied  over  calcium  cblcxide  and  lecrysial- 
lized  from  ethyl  alcohcd. 

Di-(3-hydroxyal>yl)merr  •'Ty  (XIX).  and  the  cocespoodirg  met^iOxy  (XX).  and  ethoxy  compounds  (XXI)  (alk¬ 
yl  =  2,2. ‘Hdmeihylbjty  l)  were  readily  sotuDle  In  aceto-TC. 

Comparison  of  the  melting  pxnts  of  they  -ire?cur\’  alcohols  and  their  methyl  and  ethyl  ethers  makes 
possible  the  following  conclusLocs. 

1  Each  of  ibe  organc-meic  ur>  corcpourais  obtal'‘ed  coritainlrg  a  meihoxy  group  (3- meiboxy alkyl  mer¬ 
curic  salts  and  di-fS-methoxyaikyllmercury)  have  a  higher  melnrkg  point  than  die  co3e>t<oQdlng  compounds. 

2.  Of  the  organo-mercury  compoticd?  containing  a  hydroxy  g’oup,  3-hydioxy alkyl  meicuac  aceute. 
chlonde,  and  cyanide  as  well  as  di-(3-hydrox>alkyl) mercury,  meJ*  hrgner  than  the  correspoTidlng  roethoxy 
compounds,  whereas  the  melting  peteo  of  3-hydroxy- and  3-rccihoxyalkyl  mercuric  bromides,  iodides, 
and  thiocyanates  sre  cnaracteilzed  by  the  mverse  reladonship. 

3.  The  fact  must  be  especially  mentioned  that,  whereas  la  the  3-methoxyalkyl  rocrcuric  series  and  the 
3'ethoxyalkyl  mercuric  senes  the  melting  point  of  the  salts  increases  in  going  from  the  acetate  to  the  chlodde, 
to  the  bromide,  and  then  to  the  iodide,  the  iodide  in  the  3-bydroxyalkyl  mercuric  sedes  does  not  follow  this 
role:  the  melting  pcint  of  the  iodide  is  lowei  than  the  temperatute  of  the  bromide  of  this  oigano-mercury  com¬ 
pound. 

SUMMARY 

1.  Cleavage  of  the  thiee-m ember ed  ring  occurs  by  the  action  of  mercuric  aceute  in  water  or  In  alcohol 
(methyl  and  ethyl)  on  the  cyclopropane  hydrocarbon  (1.1.2.2-ietraroethylcycl(9ropaDe).  3-hydroxyalkyl  mer- 
cude  aceute.  and  3-methoxy- and  3-methoxyalkyl  mercuric  aceutes.  respectively  are  fwmed  (alkyl  =  2,2,3- 
tdmethylbutyl). 

2  3-Hydroxy-,  3-roethoxy-,  and  3-cthoxy-2, 2. 3-trlmethylbutyl  mercuric  chloddcs,  bromides.  Iodides,  cya¬ 
nides.  and  thiocyanates  were  obtained  by  the  substltudon  reaction  of  the  aceutes  with  KCl,  KBr.  KI.  KCN.  and 
KCNS. 

3.  Syrometdzation  products.  dl'^3-kydroxyalkyl)mercury,  di-(3-freiboxyalkyl)roercury,  and  di-(3*«tboxy- 
aL(yl)mercury(alkyl  =2,2,3-tiimcihylbutyl)  were  obtained  by  the  action  of  an  alkaline  soludra  of  sodium 
sunnlte  on  3-hydroxy-,  3-methoxy-,  and  3-ethoxy-2.2,3-td.methylbuiyl  mercuric  acetates. 

4.  Certain  generalizatioiis  were  established  for  the  organo-mercury  compounds  synthesized  on  the  change 
of  the  melting  point  in  relation  to  the  nature  of  the  anion  combined  with  the  mercury,  and  the  nature  of  the 
functional  graips  (OH.  OCH^  OC,H,)  bound  to  the  y -carbon  atoms. 

5.  All  of  the  sythesUed  organs  mercury  corrpovnds  (21  prepaiad ens), except  (1)  and  (II)  which  were 
reponed  in  the  first  coromunicanors.  are  first  being  reported. 
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